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The Appeal Brief .filed on 1 1/04/05 is defective for failure to comply with one or more provisions of 37 CFR 41 .37. 

To avoid dismissal of the appeal, applicant must file anamended brief or other appropriate correction (see MPEP 
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2. □ The brief does not contain a statement of the status of all claims, (e.g., rejected, allowed, withdrawn, objected to, 

canceled), or does not identify the appealed claims (37 CFR 41 .37(c)(1)(iii)). 

3. □ At least one amendment has been filed subsequent to the final rejection, and the brief does not contain a 

statement of the status of each such amendment (37 CFR 41.37(c)(1)(iv)). 

4. [3 (a) The brief does not contain a concise explanation of the subject matter defined in each of the independent 

claims involved in the appeal, referring to the specification by page and line number and to the drawings, if any, 
by reference characters; and/or (b) the brief fails to: (1) identify, for each independent claim involved in the 
appeal and for each dependent claim argued separately, every means plus function and step plus function under 
35 U.S.C. 112, sixth paragraph, and/or (2) set forth the structure, material, or acts described in the specification 
as corresponding to each claimed function with reference to the specification by page and line number, and to 
the drawings, if any, by reference characters (37 CFR 41.37(c)(1)(v)). 

5. □ The brief does not contain a concise statement of each ground of rejection presented for review (37 CFR 

41.37(c)(1)(vi)) 

6. □ The brief does not present an argument under a separate heading for each ground of rejection on appeal (37 CFR 

41.37(c)(1)(vii)). 

7. □ The brief does not contain a correct copy of the appealed claims as an appendix thereto (37 CFR 

41.37(c)(1)(viii)). 

8. □ The brief does not contain copies of the evidence submitted under 37 CFR 1.130, 1.131, or 1.132 or of any 

other evidence entered by the examiner and relied upon by appellant in the appeal, along with a 
statement setting forth where in the record that evidence was entered by the examiner, as an appendix 
thereto (37 CFR 41.37(c)(1)(ix)). 

9. □ The brief does not contain copies of the decisions rendered by a court or the Board in the proceeding 
identified in the Related Appeals and Interferences section of the brief as an appendix thereto (37 CFR 



41. 37(c)(1 )(x)). 



10.D 



Other (including any explanation in support of the above items): 



CHRISTINA CHAN 
SUPERVISORY PATENT EXAMINER 
TECHNOLOGY CENTER 1600 




U.S. Patent and Trademark Office 



PTOL^62 (Rev. 7-05) 



Notification of Non-Compliant Appeal Brief (37 CFR 41.37) 



Part of Paper No. 20060613 




Docket No. : LATTA.002C3 



July 19, 2006 
Page 1 of 1 4 

Please Direct All Correspondence to Customer Number 20995 



Applicant 
App. No 
Filed 
For 



Examiner 
Art Unit 



SUPPLEMENTAL APPEAL BRIEF 



Paul P. Latta 

10/660,924 

September 12, 2003 

PREVENTION OF DIABETES 
THROUGH INDUCTION OF 
IMMUNOLOGICAL TOLERANCE 
Belyavskyi, Michail 

1644 



Mail Stop Appeal Brief-Patents 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Sir: 

In accordance with the Notice of Appeal filed August 17, 2005 and in response to the 
Notification of Non-Compliant Appeal Brief mailed June 10, 2006, Applicant submits this 



Supplemental Appeal Brief 



TABLE OF CONTENTS 



I. Real Party in Interest 



II. Related Appeals and Interferences 



III. Status of Claims 



IV. Status of Amendments 



V. Concise Explanation of Subject Matter of Independent Claim 

VI. Grounds of Rejection to be Reviewed on Appeal 

VII. Argument 

VIII. Claims Appendix 



IX. Evidence Appendix 

X. Related Proceedings Appendix 



11 

12 
14 



Docket No. 
Application No. 
Filing Date 



LATTA.002C3 
10/660,924 
September 12, 2003 



Customer No.: 20,995 



I. REAL PARTY IN INTEREST 

Pursuant to 37 C.F.R. §1.192, Appelants hereby notify the Board of Patent Appeals and 
Interferences that the real party in interest is the inventor for this application, Paul P. Latta, 33 
Santa Cruz Aisle, Irvine, CA 92606. 

II. RELATED APPEALS AND INTERFERENCES 

Appellants are unaware of any related appeals or interferences. 

III. STATUS OF CLAIMS 

The above-identified application was filed with 1 claim. In a Preliminary Amendment, 
filed April 1, 2004, Claim 1 was canceled and new claims 2-9 were introduced. Claims 2-9 were 
finally rejected by the Examiner in a Final Office Action mailed May 18, 2005. Accordingly, 
Claims 2-9 are the subject of this appeal. The Claims are attached hereto as Appendix A. 

IV. STATUS OF AMENDMENTS 

Appellants filed a Pre-Appeal Brief Request for Review on August 17, 2005. No 
amendments have been filed subsequent to the final rejection. 

V. CONCISE EXPLANATION OF SUBJECT MATTER OF INDEPENDENT 
CLAIM 

Claim 2 is the only independent claim in this appeal. The subject matter of this claim 
relates to Appellant's discovery of a method of preventing onset of Type I diabetes in a mammal 
predisposed to Type I diabetes. See Applicant's specification at page 10, line 12-21 and page 19, 
lines 1-19. The method includes implanting a dose of insulin-producing cells into an 
implantation site in said mammal. See page 4, lines 3-4. The cells that are implanted are 
encapsulated in a biologically-compatible membrane. See page 3, lines 30-31 and page 8, lines 
2-4. The cells are implanted prior to onset of Type I diabetes. See page 10, lines 15-16. The 
dose of implanted cells is at least one order of magnitude less than that necessary to achieve 
normoglycemia in a mammal of the same species with type I diabetes. See page 4, lines 26-27; 
page 9, lines 9-11, page 12, lines 26-29 and page 19, lines 13-19. 
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When using the method of this claim, the encapsulated cells shed antigens through the 
capsule membrane into the blood stream of a host, while being protected from the attack by the 
host immune system. Over time, the host immune system gets tolerized to the implanted cells 
and diverts its response away from the process of destruction of self islet cells. See, 
specification, page 8, lines 2-29; page 10, lines 12-21; and page 17, lines 3-11. 

Each limitation of Claim 2, the only independent claim, is supported by the Specification 
as filed as follows: 



LIMITATION 


PAGE:LINES 


A method of preventing onset of Type I diabetes in a mammal 
predisposed to Type I diabetes, comprising 


10:12-21; 19:1-19 


implanting a dose of insulin-producing cells 


4:3-4 


encapsulated in a biologically-compatible membrane into an implantation 
site in said mammal 


3:30-31; 8:2-4 


prior to onset of Type I diabetes, 


10:15-16 


wherein said dose is at least one order of magnitude less than that 
necessary to achieve normoglycemia in a mammal of the same species 
with type I diabetes. 


4:26-27; 9:9-11; 
12:26-29; 19:13-19 



VI. GROUNDS OF RE JECTION TO BE REVIEWED ON APPEAL 

1 . The Examiner has rejected Claims 2-9 under 35 U.S.C. §112, first paragraph for lack of 
enablement 1 . In particular, the Examiner has maintained that the Specification and the 
Declarations by Dr. Scharp showing efficacy of the claimed method in preventing type I diabetes 
in a mouse model of diabetes (non-obese diabetic, NOD mice) are not predictive of the outcome 
of using the claimed method for the prevention of Type I diabetes in human 2 . 



1 Final OA, mailed 05/18/05, page 3, paragraph 5. 
*Id. 
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2. The Examiner has also rejected Claims 2-9 under 35 U.S.C. §112, first paragraph as 
having New Matter 3 . 

VII. ARGUMENT 

1. The Examiner has maintained rejections of Claims 2-9 under 35 USC §112, first 
paragraph, as being non-enabling for a method of preventing onset of Type I diabetes in a 
mammal. The reasons the Examiner has maintained for the rejection are: A) unpredictability of 
the prevention of diabetes in human from the murine data; B) need for screening for susceptible 
individuals; C) need for undue experimentation to determine screening and testing protocols to 
demonstrate the efficacy of the claimed invention 4 ' 5 . Each of these reasons is addressed below: 

a. Prevention of diabetes in human is reasonably predictable from in vivo data obtained in 

NOD mice. 

The first reason the Examiner stated for the rejection is unpredictability of the prevention 
of diabetes in a human from the murine data. The Examiner recognized that "[substantiating 
evidence may be in the form of animal tests, which constitute recognized screening procedures 
with clear relevance to efficacy in humans", citing Ex parte Krepelka, 231 U.S.P.Q. 746 and Ex 
parte Maas, 9 U.S.P.Q.2d 1746. Nevertheless, the Examiner has insisted that it is unpredictable 
from the in vivo murine data whether the method of the invention can be used in mammals 
including humans 6 . Therefore, the Examiner is applying a much stricter standard than required 
by law. 

According to MPEP 2107.03: 

"Evidence does not have to be in the form of data from an art-recognized 
animal model for the particular disease or disease condition to which the asserted 
utility relates. Data from any test that the applicant reasonably correlates to the 
asserted utility should be evaluated substantively. Thus, an applicant may provide 
data generated using a particular animal model with an appropriate explanation as 
to why that data supports the asserted utility. The absence of a certification that 
the test in question is an industry-accepted model is not dispositive of whether 



3 Id, at page 6, paragraph 7. 

4 Office Action, mailed 12/16/04, page 3, paragraph 7. 

5 Final OA, mailed 05/18/05, page, paragraph 5. 

6 Final OA, mailed 05/18/05, page, paragraph 5. 
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data from an animal model is in fact relevant to the asserted utility. Thus, if one 
skilled in the art would accept the animal tests as being reasonably predictive of 
utility in humans, evidence from those tests should be considered sufficient to 
support the credibility of the asserted utility." 

"Office personnel should be careful not to find evidence unpersuasive 
simply because no animal model for the human disease condition had been 
established prior to the filing of the application. See In re Chilowsky, 229 F.2d 
457, 461, 108 USPQ 321, 325 (CCPA 1956) ("The mere fact that something has 
not previously been done clearly is not, in itself, a sufficient basis for rejecting all 
applications purporting to disclose how to do it."); In re Wooddy, 331 F.2d 636, 
639, 141 USPQ 518, 520 (CCPA 1964) ("It appears that no one on earth is certain 
as of the present whether the process claimed will operate in the manner claimed. 
Yet absolute certainty is not required by the law. The mere fact that something 
has not previously been done clearly is not, in itself, a sufficient basis for rejecting 
all applications purporting to disclose how to do it.")". 

In these cases, it is important to note that the Food and Drug 
Administration has promulgated regulations that enable a party to conduct clinical 
trials for drugs used to treat life threatening and severely-debilitating illnesses, 
even where no alternative therapy exists. See 21 CFR 312.80-88 (1994). Implicit 
in these regulations is the recognition that experts qualified to evaluate the 
effectiveness of therapeutics can and often do find a sufficient basis to conduct 
clinical trials of drugs for incurable or previously unbeatable illnesses. Thus, 
affidavit evidence from experts in the art indicating that there is a reasonable 
expectation of success, supported by sound reasoning, usually should be sufficient 
to establish that such a utility is credible. 

As discussed in the Response to Office Action mailed December 16, 2004, in connection 
with compliance with the written description requirement, the specification describes every 
feature of the claimed invention 7 . One skilled in the art would have no difficulty carrying out the 
steps for making and using the invention based on this description. To establish that one actually 
carrying out these steps could successfully achieve the claimed result, i.e. prevention of diabetes, 
Applicant submitted on April 1, 2004 a first Declaration of Dr. David Scharp 8 and on April 29, 



7 Amendment and Response to Office Action of December 16, 2004, filed April 29, 2005, page 
4, paragraph 3. 

8 Declaration of David Scharp, dated November 25, 2003 and filed April 11, 2004. 
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2005 a second Declaration of Dr. David Scharp 9 showing that NOD mice receiving the treatment 
described in the specification were indeed prevented from becoming diabetic. 

Moreover, these Declarations and the references submitted by Applicant on April 29, 
2005 10 establish the validity of the NOD mouse model in connection with human diabetes. The 
provided support in the form of affidavit from the expert in the art (Second Declaration, CV) as 
well as scientific publications (Appendices 1 and 2) indicates that the NOD mice is at present the 
standard model for studying Type I diabetes prevention and treatment . 

The NIH recognize the NOD mouse as the model animal for diabetes and maintains a 
research colony and data base on these animals for researchers. The NIH state "The NOD 
mouse, which spontaneously develops type 1 diabetes, is a valuable animal model that is used 
extensively in research exploring the etiology, prevention, and treatment of this disease. It is a 
vital research tool for testing promising prevention and treatment strategies at the preclinical 



Furthermore, Hanninen et al. states: "The non-obese diabetic (NOD) mouse is the most 
widely used animal model of T1DM. [...] research in non-obese diabetic mice has led to the 
discovery of new strategies of diabetes prevention that are now in human clinical trials". 12 The 
authors further presented a whole list of current clinical trials based on strategies developed in 
NOD mice 13 . 



9 Second Declaration of David Scharp, dated April 28, 2005 and filed April 29, 2005. 

10 Appendices 1: http://www.niaid.nih.gov/dait/NODmice.htm; and 2: Hanninen et al. 2003 
"Development of new strategies to prevent type I diabetes: the role of animal models" Annals of 
Medicine 35:546-563, submitted with the Second Declaration of David Scharp, dated April 28, 
2005. 

1 1 http://www.niaid.nih.gov/dait/NODmice.htm. 

12 Hanninen et al. 2003 "Development of new strategies to prevent type I diabetes: the role of 
animal models" Annals of Medicine 35:546-563: page 546, right column, last paragraph through 
page 547, left column. 

13 Id., Table 2. 



level." 11 . 
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While it is true that questions have been raised whether the NOD model is absolutely 

predictive of treatment of humans 14 , such an absolute correlation with human disease is not 

required to support enablement. MPEP 2107.03 further provides: 

The applicant does not have to prove that a correlation exists between a particular 
activity and an asserted therapeutic use of a compound as a matter of statistical 
certainty, nor does he or she have to provide actual evidence of success in treating 
humans where such a utility is asserted. Instead, as the courts have repeatedly 
held, all that is required is a reasonable correlation between the activity and the 
asserted use. 

Therefore, using the proper standard set forth in the MPEP, the evidence provided by 
Applicant clearly supports that one skilled in the art would accept the NOD model as reasonably 
correlating to the condition in human. 

b. Screening for susceptible individuals is well-known and routine 
The Examiner also objected to the enablement provided by the specification based on an 
alleged failure to disclose how to screen for susceptible individuals. However, the Specification 
as filed 15 , provides information that "in diabetes, the use of immune marker autoantibodies to 
establish preclinical diabetes has been well studied". The Specification cites Palmer, 1993 
Diabetes Rev. 1(1): 104-1 16 in support of this statement. In addition, Applicant provided several 
references to support the position that screening for individuals susceptible to developing type I 
diabetes has been well-established in the art at the time the invention was made: Bonifacio et al. 
1995 "Islet autoantibody markers in IDDM: risk assessment strategies yielding high sensitivity", 
Diabetologia 38:816-22; Lee et al. 1995 "Relationships among 64k autoantibodies, pancreatic 
beta-cell function, HLA-DR antigens and HLA-DQ genes in patients with insulin-dependent 
diabetes mellitus in Korea", Korean J. Intern. Med. 10:1-9; Bingley et al. 1994 "Combined 
analysis of autoantibodies improves prediction of IDDM in islet cell antibody-positive relatives", 
Diabetes 43:1304-10; Zimmet et al. 1994 "Autoantibodies to glutamic acid decarboxylase and 
insulin in islet cell antibody positive presymptomatic type 1 diabetes mellitus: frequency and 
segregation by age and gender", Diabet Med. 11:866-71; Christie et al. 1994 "Antibodies to islet 

14 Final Office Action, mailed May 18, 2005, page 3, paragraph 5. 
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37k antigen, but not to glutamate decarboxylase, discriminate rapid progression to IDDM in 
endocrine autoimmunity", Diabetes 43:1254-9; Tuomilehto et al. 1994 "Antibodies to glutamic 
acid decarboxylase as predictors of insulin-dependent diabetes mellitus before clinical onset of 
disease", Lancet 343:1383-5; Zimmet et al. 1994 "Latent autoimmune diabetes mellitus in adults 
(LAD A): the role of antibodies to glutamic acid decarboxylase in diagnosis and prediction of 
insulin dependency", Diabet Med. ll:299-303 16 . 

"The specification need not disclose what is well known in the art." See, e.g., In re 
Buchner, 18 USPQ2d 1331 (Fed. Cir. 1991). Thus, there was no requirement for Applicants' 
specification to contain a thorough description of the well known techniques that were well- 
established as of the effective filing date. Accordingly, one skilled in the art would have no 
difficulty identifying suitable subjects for the treatment of the present invention. 

c. Experimentation to determine screening and testing protocols to demonstrate the efficacy 

of the claimed invention in not undue 

The Examiner also maintained that undue experimentation would be required to 
determine screening and testing protocols. However, as established in the Second Declaration of 
David Scharp, M.D. 17 , methods for determining whether normoglycemia is present have been 
exceedingly well known for many years; thus, only routine blood glucose monitoring would be 
required to demonstrate the efficacy of the claimed invention. Furthermore, the Applicants 
provided a sufficient showing in the Response to the Office Action mailed December 16, 2004, 
that screening for individuals susceptible to Type I diabetes is well-known and routine, amount 
of insulin-producing cells needed to be implanted to achieve normoglycemia is also well-known, 
as are the tests to determine whether normoglycemia is present 18 . 

MPEP 2164.01(c) establishes that in order to meet the enablement requirement, one 
skilled in the art need only be able to discern an appropriate dosage or method of use without 
undue experimentation based on knowledge of compounds having similar physiological or 

15 Specification, page 19, lines 9-12. 

16 All references submitted with the Amendment and Response to Office Action of December 16, 
2004. 

17 submitted on April 29, 2005, see page 2. 
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biological activity. Here, the Specification at page 12, lines 26-30 clearly indicates that a dose of 
implanted insulin-producing cells to induce tolerance is one or two orders of magnitude less than 
a full dose of implant which provides adequate insulin production for normoglycemia. The full 
dose for achieving normoglycemia has been well worked out for many years. Accordingly, one 
skilled in the art would have no difficulty in obtaining the correct dose for any given individual. 
Accordingly, no undue experimentation would be required to practice the claimed invention. 
Therefore, the rejection of Claims 2-9 as non-enabled is clearly improper. 

2. The Examiner has improperly rejected Claims 2-9 for allegedly containing New 
Matter. Specifically, The Examiner has stated that the limitation added to Claim 2: "wherein 
said dose is at least one order of magnitude less than that necessary to achieve normoglycemia in 
a mammal of the same species with type I diabetes" is not supported by the passages of the 
Specification pointed to by the Applicant 19 . 

The Specification states at page 19, lines 13-19 that the dose for prevention is the same as 
the dose for tolerization that is discussed earlier in the specification in connection with disease 
treatment. At page 4, lines 26-27, the specification clearly states that "the tolerizing dose is one 
or two orders of magnitude less than the curative dose", while at page 9, line 9-11, the 
specification also clearly states that "[a]s for the bolus tolerizing dose, the incremental tolerizing 
dose is typically one or two orders of magnitude lower than the curative dose. Thus, the 
specification clearly establishes that the dose for prevention of diabetes is "at least one order of 
magnitude less than that necessary to achieve normoglycemia in a mammal of the same species 
with type I diabetes." Therefore, there is clear support in the Specification as filed for Claim 2, 
and its rejection over "New Matter" is improper. 



In view of the arguments presented above, Appellants submit that the Specification as 
filed enables a person with an ordinary skill in the art on how to make and use the invention. 



18 Amendment and Response, filed April 29, 2005, pages 7-8. 

19 Final Office Action, mailed May 18, 2005, paragraph 7. 
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Appellants further submit that Claims 2-9 are fully supported by the Specification as filed and do 
not constitute New Matter. 



Respectfully submitted, 



KNOBBE, MARTENS, OLSON & BEAR, LLP. 




Daniel E. Altman 
Registration No. 34, 1 1 5 
Attorney of Record 
Customer No. 20,995 
(949) 760-0404 
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VIII. CLAIMS APPENDIX 

1. (Canceled) 

2. (Previously presented) A method of preventing onset of Type I diabetes in a 
mammal predisposed to Type I diabetes, comprising implanting a dose of insulin-producing cells 
encapsulated in a biologically-compatible membrane into an implantation site in said mammal 
prior to onset of Type I diabetes, wherein said dose is at least one order of magnitude less than 
that necessary to achieve normoglycemia in a mammal of the same species with type I diabetes. 

3. (Previously presented) The method of Claim 2, wherein said cells are from a 
primary cell source. 

4. (Previously presented) The method of Claim 3, wherein said cells are pancreatic 
islet cells. 

5. (Previously presented) The method of Claim 2, wherein said cells are 
encapsulated in a conformal coating. 

6. (Previously presented) The method of Claim 5, wherein said conformal coating 
comprises polyethylene glycol (PEG). 

7. (Previously presented) The method of Claim 2, wherein the insulin-producing 
cells are from the same species as the mammal. 

8. (Previously presented) The method of Claim 2, wherein Type I diabetes is 
prevented without continuous immunosuppression. 

9. (Previously presented) The method of Claim 2, wherein the cells are implanted 
intraperitoneally. 
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This application is a continuation of Application Serial No. 09/226,742 filed January 

7, 1 999 which is a continuation of Application Serial No. 09/049,757 filed March 27 1 998 

now abandoned, which was a continuation of Application Serial No. 08/736,413 filed on 

October 24, 1996 now abandoned, which claims the benefit of priority under 35 U.S.C. 

1 19(e) of Provisional Application No. 60/005,877 filed October 26, 1995. 

Field of the Invention 

The present invention relates to the induction of immunological tolerance to 

foreign cells, tissues and, organs. More specifically, the invention yddtes to 

* » 

implantation of a tolerizing dose of cells or tissues encapsulated in a membrane in a 
mammal to establish immunological tolerance thereto, 

Backfoouhd of the Invention 
For some human diseases, including heart and, liver failure,/ / organ 
transplantation is the only alternative to certain death- While there were only 4,843 
organ donors in the U.S. in 1993, there were 2,866 heart and 3,040 liver failure 
patients on the waiting list for these organs (UNOS Update, 10(2), 1994), Thus, 
because of timing and tissue matching problems, many patients die each year for lack 
of an available organ. For those lucky enough to receive an organ, the results are still 
less than ideal. The transplant procedure constitutes major surgery which is associated 
with attendant risks and is exceedingly expensive. After the surgery, the patient must 
be placed on a regimen of immunosuppressive drugs to keep the immune system from 
destroying the transplanted organ. As a consequence, the patient's entire immune 

* • 

system is suppressed for the rest of his life, significantly lowering his defenses against 

•.. . .. ••' * ■ 

other serious disease threats such as infections, viruses or cancers. 

— 

For other diseases including kidney failure, pancreas failure and cystic fibrosis, 

* 

transplantation has a lower mortality and morbidity rate than any alternative therapy. 
Even with its attendant problems of organ scarcity, surgical risk, high cost and 
permanent immunosuppression, for Some of these cases it is still a more practical 
therapy than any alternative. The physician's choice in these cases is dependent on 
many variables including age, general health, severity of the condition, availability of 
organs and others factors. In 1994, there were 25,033 patients on the waiting list for. 
human kidneys, 181 for pancreases and 1,250 for lungs (UNOS Update, 10:2, 1994). 



For still other diseases, transplantation is known to be effective, although its 
attendant problems preclude its practical therapeutic use. This is true for many of the 
kidney, pancreas and lung patients described above. It is also true where whole 
pancreas transplantation can cure diabetes or liver transplantation can cure hemophilia 
but the risks outweigh the rewards. » 

Recently, for certain disease states; tissue transplants, as opposed to whole 
organ transplants, have been shown to be therapeutic in animals and even in man 
(Scharp et al., Transplantation, 51:76-85, 1991). Tissue transplantation requires full 
immunosuppression and carries the same risks and problems as already discussed for 
whole organ immunosuppression. The following treatments address the rejection of 
the transplanted tissue. 

One implantation method involves pre-inoculation in the thymus with a small 
dose of cells, full temporary immunosuppression, then a full therapeutic dose at 
another site (Posselt et al., Annals of Surgery, 214:363-373, 1991). First, this has only 
been shown to work in rodents to date. No large animal or human test has been 
successful. Second, the human adult thymus is shrunken and may not be practical to 
treat with an adequate pre-dose. Third, the immunosuppression step, while temporary, 
does subject the patient to risks for that period of time. Fourth, it is not known 
whether a fully therapeutic dose will be tolerated, (i.e. not rejected) in humans. Fifth, 
this procedure may not protect against autoimmune destruction even if it does prevent 
rejection. 

■ 

Another method of preventing rejection is irradiation of the recipient's bone 
marrow immune cells, implantation of bone marrow cells from the donor, then 
implantation of a full therapeutic dose of tissue or organ from the same donor (Illstad 
et al., J. Exp. Med, 174:467-478, 1991). First, this has not been shown to work for 
tissue transplants in humans. Second, irradiation of immune cells, either partial or 
whole body, carries serious risks. Third, it is not known if the immune system will 
adequately protect from other threats. Fourth, it is not known if the method will 
protect from both rejection and autoimmune destruction in those disease states. 

A further method of treatment to prevent rejection is by using monoclonal 
antibodies to suppress certain parts of the immune system (Andersson et al., J. 



Autoimmun., 4:733-742, 1991). These tests have only been performed in rodents so 
it is not known if they would succeed in humans. Also, it is not known if the proper 
monoclonal antibody could be identified and created for each different disease state. 
In addition, the overall affect of these agents on the human immune system is not 
known. ; 

Still another method of preventing rejection is encapsulation of the transplanted 
tissue in a semi-permeable membrane device which allows oxygen, nutrients and other 
small molecules to pass but prevents entry of large immune system cells (Lacy et al., 
Science, 254:1782-1784, 1991; Sullivan etal., Science, 252:718-721, 1991). There are 
several unresolved problems associated with this method. First, none of these devices 
has been shown to protect a therapeutic transplant in humans. To be suitable for 
human use, the material must be biocompatible; it must be sufficiently strong to last 
a long time when implanted; its porosity must be exactly correct to allow survival and 
function of the enclosed cells while keeping out cells and perhaps antibodies of the 
immune system; and finally, the device itself must be large enough to contain enough 
cells for a fully therapeutic implant and yet small enough to allow for some reasonable 
method- of implantation which causes no damage to other internal organs. 

To date, there has been very little effort to use transplantation as a potential 
prevention of disease due to all of the problems associated with transplantation as 
previously described. In addition, it is not yet known where transplantation can 
actually prevent a disease from occurring other than the obvious case of whole organ 
failures. Moreover, for many disease states, it is not known who will be afflicted. 
There is some evidence that interventional transplantation can have some preventive 
effect in rodents (Miller et al., J. Neurol Immunol. , 46:73-82, 1993; van Vollenhoven 
et al., Cell Immunol, 115:146-155, 1988). Thus, a major role for preventive 
transplantation has not been investigated. 

Summary of the Invention 

One embodiment of the invention is a method of creating immunological 

■ 

tolerance to foreign cells, tissues or organs in a mammal, comprising the step of 
implanting in the mammal a tolerizihg dose of foreign cells or tissue encapsulated in 
a biologically compatible permselective membrane. The method may additionally 



comprise the step of administering to the mammal a curative dose of corresponding 
unencapsulated cells, tissue or organ. Advantageously, the mammal is a human, 
canine or feline. Preferably, the tolerizing cells are insulin-secreting cells; more 
preferably, they are pancreatic islet cells. According to one aspect of this 
embodiment, the membrane comprises polyethylene glycol. Preferably, .the^curative 
dose is-between- one and two orders of magnitude greater than the tolerizing dose. 
Advantageously, the tolerizing and curative doses are from the same species as the 
mammal. Alternatively, the tolerizing and curative doses are from a species different 
from the mammal. Preferably, the tolerizing and curative doses are porcine. The 
method may further comprise the step of administering one or more anti-inflammatory 
agents to the mammal prior to, at the same time as, or subsequent to administration 
of the curative dose. Preferably, the membrane has a molecular weight cutoff of about 
150 kDa or less. Alternatively, the membrane has a pore size of about 0.4 (im or less. 
The membrane may also have a pore size of about 0.2 fim or less. Advantageously, 
when the tolerizing and curative doses are from a different species, the membrane has 
a molecular weight cutoff of about 150 kDa or less. Preferably, the tolerizing step is 
subcapsular, subcutaneous, intraperitoneal or intraportal and the curative step is 
intraperitoneal, intraportal or subcutaneous. The tolerizing dose may also be 
administered incrementally. 

The present invention also provides a method of treating diabetes in a mammal 
in need thereof, comprising the steps of: 

implanting in the mammal a tolerizing dose of foreign insulin-secreting 
cells encapsulated in a biologically compatible permselective membrane; then 
administering to the mammal a curative dose of corresponding 
unencapsulated insulin-secreting cells. 
Preferably, the mammal is a human, canine or feline. Advantageously, the tolerizing 
dose is one to two orders of njiagnitude less than the curative dose. In another aspect 
of this preferred embodiment, the membrane comprises polyethylene glycol. 
Advantageously, the insulin-secreting cells are pancreatic islet cells. Preferably, the 
mammal and the insulin-secreting cells are from the same species. Alternatively, the 
mammal and the insulin-secreting cells are from different species. Preferably, the 



tolerizing and curative doses are porcine. The method may further comprise the step 
of administering one or more anti-inflammatory agents to the mammal prior to, at the 
same time as, or subsequent to administration of the curative dose. Advantageously, 
the membrane has a molecular weight cutoff of about 150 kDa or less. Alternatively, 
the membrane has a pore size of less than about 0.4 \xm. , * " 

Brief Description of the Drawings 
Figure 1 is plane view illustrating the key properties of the membrane 
enclosing the cells. The membrane may be configured into many different device 
designs. 

Figure 2 is a plane view of one design of the invention, wherein two layers of 
the membrane are used in a flat sheet configuration where cells are "sandwiched" in 
between the two membranes and then the ends are sealed. 

Figure 3 is a tubular view of one design of the invention, wherein the 

* 

membrane is cast or rolled into a tubular configuration. The cells are loaded in the 
lumen and the ends are sealed,. 

Figure 4 is a spherical view of one design of the invention, wherein the 
membrane is cast in a spherical configuration and cells may be encased one in each 
device (microcapsule) or many in a device (macrocapsule). 

Figure 5 is a graph showing blood glucose levels in mice implanted with a 
tolerizing dose of 100 encapsulated NIT insulinoma aggregates. 

Figure 6 is a graph showing blood glucose levels in mice implanted with a 
tolerizing dose of 50 encapsulated NIT insulinoma aggregates. 

Figure 7 is a graph showing blood glucose levels in non-tolerized control mice; 
Detailed Description of the Preferred Embodiments 
Goals of the Invention 

The problems discussed in the foregoing Background of the Invention have 
previously not been solved for either micro or microencapsulation of cells in humans. 
The present invention overcomes these problems associated with transplantation. 
Thus, one goal of the invention is to eliminate the critical problems of transplantation 
in cases where whole organ transplantation is the only alternative to certain death. 
These are cases of heart or liver failure. The major advantage of the invention process 



for this application is that it eliminates the shortage of organs for the patients by 
making animal organs acceptable in humans. While there are only about 4,800 human 
organ donors in the U.S. each year, the supply of animal organs for transplant is not 
limited. The reason that animal organs are not presently used is that they are acutely 
rejected when transplanted into humans even with immunosuppression. Second, 
continuous immunosuppression is not required in the process of the invention, thus 
eliminating the risk of exposing the patient to other serious diseases while the immune 
system is suppressed. Third, the cost of organ transplantation is drastically reduced 

-v ■ 

because of the unlimited supply of organs and because the continuous use of 
immunosuppressive drugs is not required. 

A second goal of the invention is to make organ transplantation a safe* 
effective, practical therapy for those cases of disease where it is known now to be 
therapeutic but the risks associated with it prevent its widespread therapeutic use. 
Examples of these disease cases are kidney failure, pancreas failure and cystic fibrosis 
(lung failure). In these cases the advantages of the process of the invention eliminate 
the major obstacles. First, by making animal organs tolerated in humans the shortage 
of organs for these transplant needs is solved. Second, by eliminating the need for 
continuous immunosuppression, these patients are not exposed to other serious disease 
threats without a fully functioning immune system. Third, because of plentiful organs 
and no continuous immunosuppression, the cost of this transplant procedure would be 
greatly reduced. 

A third goal of the invention is to make cell or tissue transplants, as opposed 
to whole organ transplants, a practical therapy in cases where cells or tissue alone can 
cure a disease state by providing a lacking or deficient protein, enzyme or peptide. 
Examples of these cases are insulin-secreting islet cells for Type I diabetes, Factor 
Vlll-secreting hepatic ceils for hemophilia, dopamine-secreting adrenal chromaffin 
cells for Parkinson's disease and collagen for arthritis. A significant advantage of the 
process of the invention for these cases is that animal tissue or genetically engineered 
tissue expressing an absent or deficient protein of interest can be used if human tissue 
is scarce. In addition, cell types other than the normal protein-secreting cells can be 
engineered to secrete the protein of interest. For example, myoblasts can be 



engineered by standard methods to secrete insulin. The use of such cells is also 
within the scope of the present invention. Continuous immunosuppression is not 
needed to protect the transplanted tissue and the costs would be reduced. Thus, even 
if pre-inoculation into the thymus with immunosuppression or irradiation of bone 
marrow with immunosuppression or monoclonal antibodies could be identified and 
produced for many disease states or encapsulation of fully therapeutic doses of tissue 
in some membrane device can overcome many technical problems, the process of the 
invention is a safer and more practical therapy than any of these. 

A fourth goal of the invention is the treatment of autoimmune diseases 
including diabetes, Alzheimer's, arthritis, multiple sclerosis, myasthenia gravis and 
systemic lupus erythematosus. In these diseases, the body's immune system attacks 
and destroys one's own tissue. By using the process of the invention, the immune 
system can be induced to accept grafted tissue or organs to replace those that have 
been destroyed without the autoimmune destruction of the newly transplanted graft. 
The advantage of this process is that organ rejection and autoimmune destruction are 
two completely different phenomena so that even with systems that may prevent 
rejection, in autoimmune diseases the grafts may still be destroyed by a different 
means. The process of the invention addresses both problems. 

A fifth goal of the invention is to make transplantation a practical therapy to 
prevent certain diseases from ever occurring, as well as treating existing diseases as 
previously discussed. The advantage of the process that makes this possible is the 
immunomodulation effect which stops or prevents the immune system from 
destruction of self tissue. Thus, for all autoimmune disorders, the process can be used 
to intervene in the course of the disease at a critical point before the immune system 
is initiated into self-destruction of tissue that is necessary for normal body function. 

As will be apparent from the ensiling detailed description of the invention, the 
present invention meets all of these goals. Additionally, the present invention also 
provides a number of advantages which would not have been readily apparent to one 
having ordinary skill in the art. 



Overview 

The present invention is a two step process. In theifirst st ep, a small number 
of cells , or tissue is implanted into a mammal inside a device made of a biocompatible 
*pern^lective" membrane which protects the imp lanted ce lls from the mammai'c 
jig mune s ystenij^e at the same time allowing-the cells to s ur v iv e^A permselective 
membrane is one having a pore size selected so that it is small enough to prevent the 

» 

entry of immunological factors such as cells or antibodies, yet large enough to allow 
the free passage of oxygen, nutrients and other molecules needed to sustain the 
transplanted cells. In addition, the membrane pores must allow the passage of 
antigens which are shed from the transplanted cells and prevent the entry of large 
immune system cells and antibodies. In a preferred embodiment, the mammal is a 
human. Alternatively, the mammal is a canine or feline. 

One of ordinary skill in the art can readily determine the proper pore size for 
the permselective membrane for any particular application of the present invention. 
It is preferable to use the largest pore size possible to prevent the entry of the 
undesirable elements because the larger pores allow better diffusion of the desirable 
elements such as nutrients and oxygen across the membrane. Smaller pore sizes (e.g. 
those excluding molecules greater than 100,000 daltons) are not necessarily a problem 
for diffusion as has been shown in long-term survival of cells in a 50,000 dalton 
membrane in vivo implant (Lacy et al., Science 254:1782-1784, 1991). 

Antigens shed from the transplanted cells pass through the permselective 
membrane into the body of the recipient where they are fully exposed to the immune 
system. The immune system will recognize these antigens as "foreign" and destroy 
them. This process will continue for some time with the immune system constantly 
destroying the shed antigens but not able to destroy the source which is the cells 
protected in the encapsulation device. In time, the immune system will begin to 
become tolerant of these antigens because they do no actual damage in the body and 
the constant source cannot be destroyed. At this time, the immune system is tolerant 
to that particular cell type from that particular donor. 

Next, the second st age of the process is enacted. Now aj ully therapeutic 

V> _ ■ — ■ — 1 

(curative) dose of cells, tissue or whole oregnJBramthe same donor as the tolerizing 
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doscris ? implanted in the recipient for cure of the disease. Since thisimplant; whether 
cells, tissue or drgan, is from the same donor as the small dose, it is recognized by the 
immune system as "self 1 and a rejection response is not elicited. The immune system 
is fully tolerant to the new implant In one embodiment, the tolerizing dose is given 
5 as a single (bolus) dose. Alternatively, the tolerizing dose may be administered 
incrementally over several weeks or months. In a preferred embodiment, the 
incremental tolerizing dose is the same as the bolus dose, only spread out in even 

> 

increments. In another embodiment, the total incremental tolerizing dose is one to 

« * 

three times the bolus tolerizing dose. As for the bolus tolerizing dose, the incremental 
10 tolerizing dose is typically one to two orders of magnitude lower than the curative 
dose. 

In addition to eliminating continuous immunosuppression^ this process makes 
animal organs and cells available for human implants (xenografts). Presently, these 
organs or tissues are acutely rejected in humans because of the wide immunological 

15 barriers between the species. With the process of the invention, even animal tissue 
will be tolerated because tolerance is induced gradually over time. The availability 
of animal organs for human use will save many thousands of lives each year which 
are now lost due to the shortage of available human organs for transplantation. In 
addition, this process will allow transplant therapy for autoimmune diseases such as 

20 diabetes, arthritis, myasthenia gravis and multiple sclerosis. This is possible because 
as the immune system is tolerized to the new tissue by the initial small implant, the 
self-destructive autoimmune process is suppressed. So, for diseases requiring organs 
or cellular transplants, this process eliminates current shortages by making, unlimited 
supplies of animal organs and cells available, eliminates the need for continuous 

* * * 

25 immunosuppression, and protects the transplants from both rejection and autoimmune 

destruction. One particularly preferred source of xenograft cells or tissue for both the 

tolerization and curative steps is porcine cells or tissue. 

Even with the tolerizing effect of the xenograft, because of the wide species 

differences, an initial inflammatory reaction may occur in response to the curative 
30 dose. Thus, in one embodiment of the invention, the xenograft recipient is 

administered one or more anti-inflammatory agents. The anti-inflammatory agent is 

< 
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administered either systemically or locally at the implantation site. The agent may be 
administered prior to the implant, at the time of implantation or subsequent to the 
implant for a time necessary to overcome the initial inflammatory reaction. The 
agents may be over-the-counter preparations such as awtaminophen or ibuprofen, or 
a specific immunosuppressive agent such as Cyclosporin f (Sandoz) or Imuran 
(azathioprine, Burroughs- Wellcome). The agent may also block the binding of a 
particular antigen such as CTLA4Ig (Bristol Myers Squibb). The amount of anti- 
inflammatory agent to be a<iministered is typically between about 1 mg/kg and about 
10 mg/kg. The extent of inflammation will determine whether the administration of 

■ 

such an agent(s) is necessary. The need for such agents is only temporary and not 
required for the ongoing survival and function of the transplant 

The process of the invention can also be used to prevent certain diseases, 
particularly autoimmune disorders. In these cases the process is as follows. First, 
patients at high risk for the disease or already in the very early phase of the disease 
are identified. At. the critical time of the onset, the process is intervened with the 
small encapsulated tissue. For example, islets are used for Type I diabetes arid 
collagen is used for arthritis. This implant of foreign tissue immediately , diverts the 
attention of the immune system to the new foreign invader and it begins the process 
to destroy this new threat. Because of this diversion, the process of self-destruction 
of desirable tissue that was just begiiining is suppressed, then abandoned, then 
forgotten. It is, in essence, "switched off' and the damage is prevented. 
Implantation of cells to treat existing diseases 

■ 

The first step of this method involves acquiring small amounts of cellular tissue 
for the initial tolerizing implant. The method in which tissue is obtained depends on 
the type of tissue needed, the source of the tissue, the donor, and the amount of tissue 
needed. These methods are generally well known by those skilled in the art of tissue 
digestion, separation, purification, culture, and the like. The following examples are 
only used to illustrate that these methods are readily available. 
Islet cells for treatment of diabetes 

Islets are small clusters of cells located in the pancreas of mammals. They are 
composed of alpha cells which make and secrete somatostatin, beta cells which make 
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insulin, delta cells which make glucagon and other cells which make other proteins. 
To isolate the islet cells which make up only 1-2% of . the pancreas from the 
surrounding acinar tissue, the digestive enzyme coilagenase is used. This process is 
described by Ricordi (Diabetes 37:413-410, 1988, hereby incorporated by reference). 
Once the islets are obtained, they are purified from acinar cplls and can then be 
implanted fresh, cultured for extended periods, cryopreserved indefinitely or 
encapsulated. 

For use in human treatments, primary islet cells are obtained from human 

cadaver donors or from suitable mammalian sources such as rat, cow, or pig. For use 

» 

of animal tissue in humans, it is desirable to assure safety of the animal source by 
using specific pathogen-free (SPF) or gnotobiotic colonies or herds of animals. As 
an alternative to a primary cell source, an engineered cell line which is genetically 
altered to produce the proper regulated amounts of insulin, glucagon, somatostatin, etc. 
is also suitable for treatment of diabetes. 

Adrenal chromaffin cells for Parkinson's disease. Alzheimer's and Huntington's 

■ 

disease 

Adrenal chromaffin cells have multiple applications. They secrete the 
neurotransmitter dopamine for amelioration of Parkinson's disease, fibroblast growth 
factor, and can be engineered to secrete nerve growth factor which will counter 
degeneration and cell death in Alzheimer's and Huntington's disease. A coilagenase 
digestion method of isolating adrenal chromaffin cells from the adrenal gland is 
described by Livett (Physiol Rev, 64:1103-1161, 1984). Human or other mammalian 
sources can be appropriate sources of this tissue. 

Moreover, mammalian cells can also be genetically engineered to secrete 
certain proteins or peptides whose absence or deficiency is the cause of various 
genetic diseases (i.e. adenosine deaminase deficiency). In addition, such cells can also 
be engineered to secrete various cytokines and growth factors for the treatment of viral 
infections (i.e., interferon-y) and cancer (i.e., interleukin-2)^ Hormone deficiencies can 
also be treated by this method. Mammalian cells are transfected with an expression 

> 

vector containing a gene encoding such a therapeutic protein or peptide. These 
expression vectors are constructed using standard methods well known to one of 



ordinary skill in the art A tolerizing dose of these cells is encapsulated as described 
herein and implanted into a mammal. Two to three weeks later, a curative dose of the 
same cells is implanted into the mammal. The ceils are no longer recognized as 
foreign, are not destroyed by the host immune system and continue" to secrete the 
desired therapeutic protein. ; 

Other conditions treatable by encapsulated cells producing peptides, proteins 
or other therapeutic agents include hypoparathyroidism (thyroid hormone), 
hyperadrenocorticalism (adrenocorticotrophic factor), dwarfism (growth hormone), 
Gaucher* s disease (glucocerebrosidase), Tay-Sachs (hexosaminidase A) and cystic 
fibrosis (cystic fibrosis transmembrane regulator). In addition, cells expressing 
stimulatory or inhibitory cytokines can be encapsulated, resulting in stimulation or 
inhibition, respectively, of a particular cell type. For example, erythropoietin 
stimulates red blood cell production, interleukin-2 stimulates the proliferation of 
tumor-infiltrating lymphocytes and interferons inhibit certain types of tumor cells. 
Other conditions contemplated for treatment using the method of the present invention 
include amyotrophic lateral sclerosis, Alzheimer's disease, Huntington's Chorea, 
epilepsy, hepatitis, anxiety, stress, pain, addiction, obesity, menopause, endometriosis, 
osteoporosis, hypercholesterolemia, hypertension and allergies. 
Other cell sources and methods for other diseases 

Other cell/tissue sources and methods include collagen recovery from chicken 
for prevention and treatment of arthritis, Schwann cells from myelin tissue for 
prevention and treatment of neural degeneration and Factor VIII from liver 
hepatocytes for treatment and prevention of hemophilia. 

The amount of cells or tissue necessary for the initial tolerizing implant will 
vary depending on the disease, site, source, whether the tissue is primary or 
immortalized and other factors. Generally, the tolerizing dose is one or two orders of 
magnitude less than a full dose implant. For example, in diabetes it usually takes 
between about 10,000 - 20,000 islets/kg of body weight to provide adequate insulin 
production for normoglycemia. Accordingly, the initial implant dose for tolerization 
is about 100 - 2,000 islets/kilogram of body weight. Although the size of these doses 
are not known for all disease states, they can be optimized using routine dose/response 
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experiments well known to one of ordinary skill in the art. In general, between about 
100 cells/kg body weight and about 5,000 cells/kg body weight are suitable for 
tolerization. The corresponding curative doses are between about one and two orders 
of magnitude higher than these numbers. 

Preparation of encapsulation device, loading of cells and implantation 

The membrane for the device is chosen for the application needed based on its 
biocompatability, permeability, strength, durability, ability to be manipulated and other 
important considerations. A number of materials have already been shown to be 
acceptable for implants in mammals. Examples of some of these materials are 

* 

PAN/PVC acrylic co-polymers, hydrogels such as alginate or agarose, mixed esters 
cellulose, polytetrafluoroethylene (PTFE)/polypropylene (Lum et al., Diabetes 
40:1511-1516, 1991; Aebischer et al., Exp. Neurol, 111:269-275, 1991; Liu et aL, 
Hum Gene Then 4:291-301, 1993; Hill et al., Cell Transplantation 1:168, 1992, all 
hereby incorporated by reference) and polyethylene glycol (PEG) conformal coating 
configurations (U.S. Patent No. 5,529,914, hereby incorporated by reference). 

A critical factor is the pore size that can be produced in the material chosen. 
For example, PEG macromers can vary in molecular weight from 0.2 - 100 kDa. The 
degree of polymerization, and the size of the starting macromers, directly affect the 
porosity of the resulting membrane. Thus, the size of the macromers are selected 
according to the permeability needs of the membrane. It is believed that for 

* » 

xenograft transplants (animal to human), antibodies of the immune system and 
complement are involved in rejection (Bachet al. Transplantation Overview 6(6):937- 
947, 1991). In this case, a pore size (molecular weight cutoff) of 150 kDa or smaller 
is desired to prevent the passage of the smallest immune antibody (IgG) through the 
pores of the membrane capsule. Thus, the application and its conditions will 
determine the choice of membrane material from many available alternatives. 
Likewise, the configurations of the device will be determined by the application. For 
purposes of encapsulating cells and tissue in a manner which prevents the passage of 
antibodies across the membrane but allows passage of nutrients essential for cellular 
metabolism, the preferred starting macromer size is in the range of about 3 kDa to 10 
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kDa, with the most preferred being about 4 kDa. Smaller macromolecules result in 
polymer membranes of a higher density with smaller pores. . 

It is also believed that for allografts (human to human), only entry of immune 
system cells must be blocked to prevent rejection of transplanted tissue or organs 
(Auchincloss, Jr., Transplantation Overview 46(l):l-20, 1988. ; In addition, it is also 
desirable to exclude other cells, the smallest of which are red blood cells which have 
a size of about 7 fim. Accordingly, a membrane having a molecular weight cutoff of 
about 1 50 kDa is also suitable for encapsulation of allograft cells or tissue because 
such membranes will prevent entry of such cells. In an alternative embodiment, the 
pore size for allografts is about 0.4 jim or less~to~ prevent the entry of immune and 
non-immune cells into the device. Cells can also extend processes ("arms") which can 
enter openings having a size of about 0.2 jxm. Thus, in another preferred embodiment, 
the pore size is about 0.2 \xm or less. In a most preferred embodiment, the pore size 
is as small as possible to exclude entry of detrimental components, but allows cell 
survival by permitting vital molecules such as nutrients, proteins and oxygen to freely 
pass through the permselective membrane. A desired pore size may be obtained by 
adjusting the crosslink density and length of PEG segments by one of ordinary skill 
in the art without undue experimentation. 

If retrieval of the initial implant is unnecessary or undesirable, then a suitable 

■ 

configuration may be microcapsules where only a few or even single cells are each 
enclosed in separate membranes. Because of the small volume in this case, the 
microcapsules may simply be injected into one of many sites for the implant If it is 
desirable to retrieve or reload the device or larger numbers of cells are necessary, a 
"macrocapsule" may be constructed wherein many cells are enclosed together inside 
one membrane. In this case, it has been shown that the environment inside the 
macrocapsule may need special conditions to allow the cells to survive. For example, 
an alginate matrix has been used to immobilize islet cells and prevent their 
aggregation and subsequent central necrosis (Lacy et aL, Science, 254:1782-1784, 
1991). 

For other cell types a different environment may be needed. The macrocapsule 
may be of any shape that is practical. Examples of shapes commonly used by those 
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skilled in the art are: 1) flat sheet "sandwiches" where two layers of the membrane 
are top and bottom on the cells and the ends are sealed by heat welding, gluing, or 
other known means (Fig. 2). This method provides a large surface area for membrane 
exposure to the host systems and generally short diffusion distances which helps 
5 transport substances across the membrane; 2) A tubular menibrane formed by co- 
extrusion or rolling a flat sheet into a tube and sealing the ends (Fig, 3). 

The cells can be placed inside the lumen at the same time the membrane is 
formed if co-extrusion is employed. If the tube is made first, the cells are loaded by 
syringe or other means and the ends are sealed by heat welding, gluing or other 

10 known means. As previously discussed, various matrices may be employed as needed 
by the enclosed cells. The tubes can be any suitable length and may be joined at the 
ends (potted) or woven if multiple tubes are used; 3) a spherical shape (Fig. 4) which 
has a large surface area compared to its volume and is efficient in some applications. 
These are only illustrative examples of how membranes may be configured into 

1 5 devices to hold cells. "One of ordinary skar^m many mbfe 

configurations are possible, thus providing great flexibility for many conceivable 
applications. 

The loaded devices are then implanted into patients in need of therapy. The 
method of implantation, site and duration are dependent on the disease being treated. 

20 For example, in diabetes it is desirable to have the shed antigens processed by the 
liver. Therefore, implantation in the peritoneum where the portal circulation would 
carry the antigens directly to the liver (intraportal) is a preferred site. Alternatively, 
if the dose is a small enough volume (i.e. 10 ^1 or less), direct injection into the portal 
vein is preferred. Other implantation sites include under the kidney capsule and 

25 subcutaneous implantation. 

For Parkinson's disease, the cells should be processed first in the brain. Thus 
implanting into the interstitial region of the brain is a preferred site. For each site, the 
method of implantation may be different For example, intraperitoneal placement of 
a device for diabetes may be performed by a minimally invasive laparoscopic 

30 procedure. To place a device in the brain, the neurosurgeon commonly uses 
stereotaxic instruments to ensure exact placement For a subcutaneous implant, a 

-15- 



small incision to allow a trocar to be inserted may be used. For each preferred site, 
those skilled in the art will recognize the most efficient method of implantation. 

Once implanted, the cells are left in place for a period of time during which 
tolerization will occur. This time period will vary depending on the disease treated, 
whether an allograft or a xenograft transplant is being used, site of the implant, and 
other factors: Generally, tolerization requires from a few weeks to a few months 
During this time, the transplanted cells constantly shed antigens from their surface. 
These antigens comprise a variety of small molecules which are constantly being 
replaced by living cells The antigens can pass freely out of the pores of the 
membrane and into the recipient at the locations of the implant and eventually into the 
circulatory system. The immune system immediately recognizes these antigens as 
"foreign" and initiate its mechanisms to protect the recipient from the intruder. These 
mechanisms are complex and not completely understood Generally, it is believed that 
if the foreign matter is from a closely related species (allogeneic), cells of the immune 
system play the primary role in the immunological response. These cells include T- 
cells, macrophages, neutrophils, and natural killer cells which seek out the source of 
the invasion and destroy the foreign matter. If the foreign matter is a transplanted 
xenogeneic organ, preformed antibodies cause hyperacute (within minutes) reaction 
and rejection of the organ. If the foreign matter is xenogeneic cells or tissue, the 
antigen may not be presented and the preformed antibodies may not be the primary 
mechanism of rejection. Instead, macrophages stimulate killer T-lymphocytes and 
later (8-10 days) antibody stimulation causes final rejection of cells or tissue. 

In the present invention, however, neither system can destroy the cells of the 

a 

implant when the pore size of the membrane is properly selected for the application. 
For example, if allografts are destroyed by immune cells, then the membrane pores 
must only prevent entry of these cells and thus may be about 0.4 um or smaller. 
Likewise, if it is necessary to prevent antibodies from reaching the cells, the pores 
must be smaller than the smallest of the human antibodies, IgG, which is 150 kDa. 
Of course, a pore size having a molecular weight cutoff of about 150 kDa or less is 
suitable for tolerization in both allografts and xenografts. 
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The use of a permselective membrane prevents the immune system from 
destroying cells encapsulated therein, even though the immune system recognizes the 
implant tissue as foreign and mounts a classical response. JThe immune response 
cmiriot destroy the cells because they are protected within the membrane device. 
Because the immune system cannot destroy the cells even over 'time, the system will 
coine to tolerate the implant and cease trying to destroy it. While the mechanism for 

4 * 

this tolerization is not known, it is analogous to desensitizing patients to allergic 
immune reactions (i.e. antibiotics or bee stings). In fact, an alternative method to the 
single tolerizing implant is the addition of more cells with more implants over time 

* 

if necessary. At this point, the immune system basically recognizes this cellular 
material as "self and no longer mounts an immune response against it. 
Implantation of fall curative dose 

When the patient has been tolerized to the cells of the implant, a fall curative 
curative size dose of the tissue or whole organ is administered as described in the 
following examples. 
Whole organ transplants - allografts 

In one embodiment, the method is used for a human allograft In this 
embodiment, the tissue for the initial implant is taken from a living related kidney 
donor by biopsy or similar method and a tolerizing dose is implanted into the patient. 
When the patient is tolerized, the whole kidney is taken from the donor and 
transplanted into the recipient The graft is accepted with no continuous 
immunosuppression being necessary. 
Whole organ transplants - xenografts 

For most embodiments, it is preferable to use animal organs for human 
transplants. In these embodiments, the procedure is as follows: suitable animal 
donors are identified. Sources of these donors may be genetically identical (inbred). 
Tolerizing cells are taken from any animal in the colony. Later, the whole organ is 
taken from any other animal in the colony. It is preferable that these sources are free 
of all contaminants of risk to humans so they would preferably be specific pathogens 
free (SPF) or gnotobiotic (totally isolated in sterile conditions) colonies or herds. 
Heart, lungs, livers, kidneys, pancreases and other organs may be used in this 



embodiment, thus eliminating the critical shortage of these organs from the limited 
number of available human organ donors. 
Cellular transplants - allografts 

In this embodiment, the method is used for human to human cellular 
transplants. A full size therapeutic dose is obtained from the cadaver donor source as 

,4 

previously described. For example, islet cells are obtained from the pancreas of a 
human donor. The small amount needed for the tolerizing implant is taken from the 
preparation, encapsulated and implanted as previously described. The remainder of 
the cells are cryopreserved by known methods (Kneteman et al, Transplant Proc. 
18:182-185, 1986) and are held until tolerization is completed. The foil preparation 
is then thawed and ready for implantation. If, in this embodiment, it is necessary to 
acquire cells from more than one donor to have enough for a curative implant, then 
the cells for the initial implant are taken from multiple donors and mixed for the 
implant. The recipient is therefore tolerized to all of the cells from the multiple 
donors. 

Cellular transplants - xenografts 

As with whole organs, the present method allows the use of cellular transplants 
from animals as well. Cells for the initial implant are taken from genetically identical 
animals or multiple pooled animals as previously described. When the individual is 
ready for the full transplant, cells may be taken from any other member of the 
genetically identical colony or from multiple pooled animals if necessary for sufficient 
curative quantities. 

* 

The implantation procedure for the fully curative dose of cells, whether 

■ 

allograft or xenograft, is dependent on the disease, the quantity of cells, the site, and 
other factors. For example, for diabetes, a preferred procedure for the implantation 
of islet cells in humans is to inject the cells through the portal vein so that they 
become lodged in lobes of the liver. This procedure is done under local anesthesia 
arid is minimally invasive to the patient For treatment of neural disorders, cells can 
be implanted into any selected area of the brain by well known stereotaxic surgical 
procedures. Those skilled in the art will know preferred methods for cellular 
implantation for each embodiment. 
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Implants for Prevention of Diseases 

Identification of patient populations is dependent on the ability to diagnose 
patients at high risk of developing certain diseases or those in early stages of the 
disease. Rapid progress has been made in this area of medicine primarily due to 
major advances in understanding and mapping the human genomb. In addition, DNA 
amplification methods, notably the polymerase chain reaction (PCR), can be used to 
diagnose certain genetic disorders. Other research areas for predicting diseases are 
advancing as well. 

In diabetes, the use of immune marker autoantibodies to establish preclmical 
diabetes has been well studied (Palmer, Diabetes Rev. 1(1): 104-1 16, 1993). When 
these patients are identified, the physician determines at what point in the course of 
the disease it would be most advantageous to intervene. 

Individuals determined to be at risk for development of a particular disease are 
implanted with the appropriate cell type as described above. Methods for acquiring 
small amount of cellular tissue for the initial tolerizmg implant, tissue types, the 
amount of tissue necessary for implantation, preparation of the encapsulation device, 
loading cells into the device, implanting the device into a patient, membrane 
parameters, device configuration, implantation methods, curative dose administration, 
etc. are the same as discussed hereinabove for disease treatment 
Treatment of Diseases Arising from Lack of a Hormone 

A study was performed using an insulin-producing mouse tumor cell line 
encapsulated in a permselective membrane coating as described in the following 
example. 

Example 1 

Implantation of mouse insulinoma cells 
The NIT insulin-producing mouse tumor cell line was encapsulated with PEG 
confonnal coatings of a single, configuration, 11% PEG 4,000 kDa molecular weight 

(See U.S. Patent No. 5,529,914), which corresponds to a molecular weight cutoff of 

> 

between about " 10 kDa and about 70 kDa. The encapsulated cells were implanted 
beneath the kidney capsule at two different doses into C57B6 mice of a different 
allograft haplotype in which diabetes had been induced by intravenous injection (tail 
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vein) of 167 mg/kg body weight of streptozotocin (Upjohn, Kalamazoo, MI). 
Induction of diabetes by streptozotocin injection is a well known procedure which 
destroys pancreatic insulin-producing p cells. 

Tolerizing doses of encapsulated insulinoma cells were 50 or 100 cell 
aggregates, each containing about 1,000 cells. Encapsulated ■ cells were implanted 
beneath the kidney capsule using standard surgical procedures. Curative implants of 
unencapsulated insulinoma cells (2,000 - 3,000 insulinoma cell aggregates, each 
containing about 1,000 cells) were administered by free intraperitoneal injection 15 
or 20 days after the tolerizing dose to determine whether a sufficient quantity of cells 
survived. Control animals were given only the curative dose of insulinoma cells; 
Blood glucose levels were monitored and are shown for the 100 encapsulated NIT 
aggregate tolerizing dose, 50 encapsulated NIT aggregate tolerizing dose and non- 
tolerized controls (Figures 5, 6 and 7, respectively). 

The severity of streptozotocin-induced diabetes in these mice caused several 

* 

of the animals to die during the periods of observation and during procedures done as 
part of the study. Table 1 indicates the number of animals involved in the study and 
their outcomes. The degree of diabetes is very high, with values over 500 mg/dl 
(shown as 500) for all streptozotocin-induced animals in the study. Many of these 
severely diabetic animals died of their diabetes during the study or following a 
procedure as noted. As shown in Figure 5, of the first group of 8 diabetic mice 
receiving 100 encapsulated aggregates, only four survived for the challenge 20 days 
later with' the unencapsulated aggregates. Two of these died overnight following the 
IP injection. The remaining two recipients both had a sudden and marked reduction 
in their glucose values between 5 and 9 days, with glucose values reaching levels of 
40 mg/dl and below (BM5 and BM11, Figure 5 and Table 1). If the insulin-secreting 
insulinoma cells induce immunological tolerance, the curative implant will be 
recognized as "self 1 and will not be destroyed by the recipient's immune system. 
Because the NIT cells are tumor cells Which double every 2-3 days in vitro, their 
survival would be expected to result in recipient hypoglycemia due to the increasing 
insulin-producing cell mas$ that would occur from living and growing tumor cells. 

» 
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In the second group of three recipients of 50 encapsulated aggregates for 15 
days, two died of their diabetes prior to challenge with unencapsulated NIT cells. The 
one animal that received the challenge of unencapsulated NIT cells (BM16) has not 
exhibited any reduction in blood glucose values for the same time of observation 
(Figure 6). None of the control animals only challenged withf unencapsulated NIT 
cells exhibited any reduction in blood glucose values (Figure 7). 

The results indicate that encapsulated NIT cells given as a small mass prior to 
a large, unencapsulated curative cell implant permits the second curative dose to 
survive, reducing blood glucose values in a pattern suggestive of NIT tumor cell 
growth. A smaller dose of encapsulated NIT cells did not give this result. Control 
animals that only received unencapsulated NIT cells in a curatiye dose exhibited no 
reduction in blood glucose. These results indicate that the preliminary encapsulated 
implant tolerized the host to the following unencapsulated curative dose. When such 
a preliminary encapsulated implant was not done, the curative unencapsulated implants 
had no effect on blood glucose and were presumably destroyed by the host 

Table 1 



Animal # 


Toler. 
Encap. 
Implant 


# Encap. 
Cell Agg. 
Tol. Dose 


Delay 
to Cure 
Implant 


Unencap. 

Cell 
Implant 


# Unenc. 
Cell Agg. 
Cure 


Effect on . 
Blood 
Glucose 
















BM1 


yes 


100 


20 days 


yes 


2348 


none-died* 


BM3 


yes 


100 


20 days 


no-died 




n/a 


BM4 


yes 


100 


19 days 


no-died 




n/a 


BM5 


yes 


100 


20 days 


yes 


2348 


down to 40 


BM6 


yes 


100 


20 days 


no-died 




n/a 


BM7 


yes 


100 


20 days ■ 


yes 


2348 


none-died* 


BM10 


yes 


100 


20 days 


no-died 




n/a 


BM11 


yes 


100 


19 days 


yes 


2348 


down to 40 
















BM14 


yes 


50 


15 days 


no-died 




n/a 


BM15 


yes 


50 


15 days 


no-died 




n/a 


BM16 


yes 


50 


15 days 


yes 


2348 


none-500 
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Animal # 

• 


Toler. 
Encap. 
Implant 


# Encap. 
Cell Agg. 
Tol. Dose 


Delay 
to Cure 
Implant 


Unencap. 

Cell . 
Implant 


# Unenc. 
Cell Agg. 
Cure 


Blood 
Glucose 


BM29 


no 


0 


-• 


yes 


2352 


none-500 


BM31 


no 


0 




yes 


2352 


none-500 


BM32 


no 


0 


- 


yes 


' 2352 


none-500 


BM34 


no 


0 


- 


yes 


2352 


none-500 


BM35 


no 


0 


- 


yes 


2352 


none-died* 


BM36 


no 


0 


- 


yes 


2352 


none-500 


BM40 


no 


0 


- - 


yes 


2352 


none-500 


BM41 


no 


0 




yes 


2352 


none-died* 


BM42 


' no 


0 




yes 


2352 


none-500 


BM43 


no 


0 




yes 


2352 


none-died* 


BM44 


no 


0 




yes 


2352 


none-500 


BM45 


no 


0 




yes 


2352 


none-500 



* Died during course of experiment-no effect on blood glucose 



Example 2 

Use of encapsulated islets for induction of allograft tolerance in rats 

Rat pancreatic islet cells are isolated by a standard collagenase digestion 
method (Ricordi, Diabetes 37:413-410, 1988) and cultured for three days prior to PEG 
encapsulation. Donor islets are derived from the Wistar Furth (WF) strain having 
MHC haplotype RT1-U. Recipients are of the Lewis strain having MHC haplotype 
RT1-1. Transplants across this strain combination are normally rejected within three 
weeks. Islet transplant mass is dosed on the basis of a standard 150 diameter rat 
islet; an Islet Equivalent (Ieq). Islets are quantified and tested for sterility and 
mycoplasma prior to encapsulation and implantation. 

Islet cells are conformally coated with 11% PEG 4,000 kDa molecular weight 
by the method described in U.S. patent No. 5,529,914. As a negative control, 
acellular cross-linked dextran beads are encapsulated in a similar manner. Diabetes 
is induced in fasted Lewis rats by intravenous injection of streptozotocin (65 mg/kg) 
one week prior to implantation of the tolerizing dose and monitored during that week 
for blood glucose levels and weight changes. Rats are considered diabetic once their 
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blood glucose level exceeds 350 mg/dl. Rats having a minimal weight loss and blood 
glucose levels of 300-350 mg/dl are used for the study. 

Diabetic rats are implanted by trochar with a subcutaneous 30 day time release 
depot insulin (Linplant, Lishin, Ontario, Canada) to reduce the chances of 
ketosis/acidosis and to stabilize their diabetes. Animals remain hyperglycemic at this 
Linplant dose ,(2 units of bovine insulin in 24 hours - lasts 30 days). 

Diabetic MHC disparate Lewis rats are surgically implanted once with 
encapsulated donor WF islets at the renal subcapsular site after anesthetization. The 
dose of implanted cells varies as outlined in Table 2. 

Table 2 



Group 


N 


Dose 


Rationale 


1 


12 


1200 encap islets 


high dose sensitization/tolerization 


2 


12 


600 encap islets 


low dose tolerization 


3 


12 


300 encap islets 


very low dose tolerization 


4 


12 


1200 encap acellular beads 


control for polymer 



As a control, a set of recipients (Group 4) is implanted with encapsulated 
acellular beads to control for possible polymer effects in tolerization. All implanted 
animals are maintained for intervals as shown in Table 3 prior to the second 
transplantation. At the time of implantation, serum samples from each animal are 
drawn and retained for future immunological analysis. 

Table 3 



Group 


N 


Dose 


Implant 
Interval 
(days) 


Rationale 


la 


4 


1200 encap islets 


30 


high dose sensitize/tolerize-short interval 


lb 


4 


1200 encap islets 


60 


high dose serisitizeAolerize-intermediate interval 


lc 


4 


1200 encap islets 


90 


high dose sensitize/tolerize-long interval 


2a 


4 


600 encap islets 


30 


low dose tolerization-short interval 


2b 


4 


600 encap islets 


60 


low dose tolerization-intermediatc interval 


2c 


4 


600 encap islets 


90 


low dose tolerization-long interval 

• 


3a 


4 


300 encap islets 


30 


• 

very low dose tolerization-short interval 


3b 


4 


300 encap islets 


60 


very low dose tolerization-intermediatc interval 


3c 


4 


300 encap islets 


90 


very low dose tolerization-long interval 



-23- 



4a 4 1200 encap acell-beads 30 polymer control-short interval 

4b 4 1200 encap accll-beads 60 polymer control-intermediate interval 

4c 4 1200 encap acell-beads 90 polymer control-long interval 

During the indicated period, animals are monitored for weight changes and 
blood glucose levels. One week before the second transplant,, one animal in each of 
Groups la-lc, 2a-2c, 3a-3c and 4a-4c is sacrificed and the implant site analyzed by 
histological methods for determining viability of the tolerizing cells. 

Lewis rats remaining in Groups 1-4 receive a second transplant (curative dose) 
of WF islets which are unencapsulated. Transplant sites in each animal are intraportal 
(IP) at a dose of 6,000 Ieq and at one kidney with a dose of 100 Ieq (See Table 4). 
6,000 Ieq implanted into the liver is known to be a curative dose in the rat diabetes 

* ■ 

model. The 100 Ieq kidney capsule implant is only for histology at the end of the 
experiment. At the time of the second implant, serum samples from each animal are 
drawn and retained for future immunological analysis. For the next three weeks, 
animals are monitored for blood glucose levels and weight changes. At the 
termination of the experiment, graft sites are processed for histology. At this time, 
serum samples from each animal are again drawn and retained for future 
immunological analysis. 

Table 4 



Group 


N 


Recipient 


Dose 


Implant 


Duration of 






haplotype 


# of islets 


Sites 


Transplant 


la 


3 


RT1-1 


6000 


IP/kidney 


3 weeks 


lb 


3 


RT1-1 


6000 


IP/kidney 


3 weeks 


lc 


3 


RT1-1 


6000 


IP/kidney 


3 weeks 


2a 


3 


RT1-1 


6000 


IP/kidney 


3 weeks 


2b 


3 


RT1-1 


6000 


IP/kidney 


3 weeks 


2c 


3 


RT1-1 . 


6000 


IP/kidney 


3 weeks 


3a 


3 


RT1-1 


.6000 


IP/kidney 


3 weeks 


3b 


3 


RT1-1 


6000 


IP/kidney 


3 weeks 


3c 


3 


RT1-1 


6000 


IP/kidney 


3 weeks 
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3 RT1-1 6000 IP/kidney 3 weeks 

3 RT1-1 6000 IP/kidney 3 weeks 

3 RT1-1 6000 IP/kidney 3 weeks 

In Groups 1 and 4, no changes in the diabetic state are 'measured. In Group 
4, rejection occurs in the expected two week time frame as measured by a transient 
normoglycemia followed by a return to the diabetic state. In Group I, a more rapid 
rejection of the implant due to sensitization of the recipients occurs. In the recipients 
previously exposed to tolerizing doses of encapsulated WF islets (Groups 2 and 3), 
islet cells survive and result in a continuous maintenance of normoglycemia. 

Example 3 

Use of encapsulated islets for induction of allograft tolerance in humans 

Human islets are isolated from cadavers and 1,500 islets/kg body weight are 
PEG-encapsulated and implanted under the kidney capsule in a diabetic patient After 
two months, a curative dose of 15,000 unencapsulated islets/kg body weight are 
injected intraportally. Insulin administration is continued during the course of the 
protocol up to administration of the curative dose. Blood glucose levels are constantly 
monitored and are within the normal range. 

Example 4 
Treatment of Parkinson's disease (xenografts 
Adrenal chromaffin cells are isolated from inbred baboon adrenal glands and 
1,000 cells/kg body weight are encapsulated in ah appropriate PEG conformal coating. 
The capsule is implanted into the interstitial brain region of a human by a 
neurosurgeon using stereotaxic instruments. After 1 month of tolerization, 10,000 
unencapsulated cells/kg body weight are injected into the same brain region. 
Significant improvement in the condition is observed. 

Example 5 
Prevention of hemophilia 
A male individual at risk of developing hemophilia, an x-linked disorder, by 
virtue of family history, is subjected to genetic screening to determine the presence 
or absence of the gene encoding Factor VIII, and to clotting time analysis. If the gene 
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4a 
4b 
4c 



is absent or clotting time is reduced, 2,500 liver cells/kg recipient body weight are 
isolated from a human donor and encapsulated in a PEG conformal coating. The 
encapsulated cells are implanted under the kidney capsule. One month later, 5,000 
cryopreserved liver cells/kg recipient body weight (from the same donor) are injected 
intraportaliy. Clotting time is significantly improved. ) 

Example 6 
Liver transplant (xenografts 

An individual in need of a liver transplant is subcutaneously implanted with 
1,000 PEG-encapsulated liver cells/kg body weight isolated from an inbred baboon. 
Two months later, the entire liver is transplanted into the individual. Signs of organ 
rejection and vital signs are monitored over several months. Rejection does not occur. 

Example 7 
Prevention of myasthenia gravis (xenografts 

Myasthenia gravis is an autoimmune disorder resulting from the presence of 
antibodies against the acetylcholine receptor on neurons. An individual having very 
early signs of the disease is implanted under the kidney capsule with a tolerizing dose 
of 2,500 PEG-encapsulated neural cells/kg recipient body weight expressing the 
acetylcholine receptor isolated from baboons. This results in tolerization to the 
acetylcholine receptor and prevention of the disorder. 

It should be noted that the present invention is not limited to only those 
embodiments described in the Detailed Description. Any embodiment which retains 
the spirit of the present invention should be considered to be within its scope. 
However, the invention is only limited by the scope of the following claims. 
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WHAT IS CLAIMED IS : 

1 . A method of creating immunological tolerance to foreign cells, tissues or 

■ ♦ , 

organs in a mammal, comprising the step of implanting in said mammal a tolerizing 
dose of corresponding foreign cells or tissue which shed antigens contained in or on 
said foreign cells tissues or organs, said corresponding foreign' cells or tissue being 
encapsulated in a biologically-compatible permselective membrane. 
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INDUCTION OF IMMUNOLOGICAL TOLERANCE 

Abstract of the Invention 
A method of creating tolerance to transplanted cells, tissue, or organs without 
the need for continuous immunosuppression. A tolerizing dose of a cell or tissue 
within a membrane structure is implanted into a patient Once the patient becomes 
tolerant to the cell or tissue, a tissue or organ is implanted which will no longer be 
recognized as foreign matter. The method makes animal organs, practical for human 
use, prevents autoimmune destruction as well as immune rejection. It has applications 
in treatment and prevention of many mammalian diseases. 
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PREVENTION OF DIABETES THROUGH 
INDUCTION OF IMMUNOLOGICAL 
TOLERANCE (as amended) 

Schwadron 



DECLARATION OF DAVID SCHARP. M.D. 



Commissioner for Patents 
P.O. Box 1450 
Alexandria, VA 22313-1450 
Dear Sir: 



1. I, David Scharp, M.D., am Chief Scientific Officer of Novocell, Inc. At Novocell, 
I am actively engaged in research related to development of treatment of diabetes using 
encapsulated insulin-producing cells. 

2. Novocell, Inc. is a mid-stage biopharmaceutical company developing a unique 
encapsulated cell implantation technology for the treatment of diabetes and other serious diseases 
and disorders. The inventor of the above-captioned application is the president of Novocell. 
Novocell has an option to license the technology disclosed and claimed in the present 
application. 

3. I have over 30 years of experience working in the area of cell biology. A copy of 
my C V. is attached as Exhibit A. 

4. Working with the sole inventor of the present application, Paul P. Latta, and 
others, I carried out experiments to evaluate the efficacy of prevention of diabetes using 
encapsulated islet cells, as described in the specification of the present application. 

5. To evaluate the efficacy of these techniques, I developed a protocol for prevention 
of diabetes in NOD mice using encapsulated murine islets. The objective was to implant 
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encapsulated C57B6 islets into diabetes prone NOD mice at different doses, and at different 
times, prior to the normal onset of spontaneous diabetes, to see if immune destruction of NOD 
mouse islets could be prevented. 

6. For purposes of the experiments described herein a mouse is defined as being 
diabetic when its blood glucose level was >250 mg/dl on three consecutive occasions. Typically, 
spontaneous autoimmune diabetes has developed in 80% of NOD mice by 1 12 - 140 days of age. 

7. Islets from mouse strain C57B6 were encapsulated by PEG conformal coating as 
described in U.S. Patent No. 5,529,914. This patent was incorporated by reference into the 
specification of the application captioned above at page 13, line 15. The conformally-coated 
islets were implanted by intraperitoneal injection into NOD mice. C57B6 islets contain an MHC 
mismatch to the NOD strain. Thus, in the absence of conformal coating, rejection of the islets 
would be expected. 

8. NOD mice were divided into groups with two different variables: (a) time of 
implant of encapsulated islets (4, 8 or 12 weeks of age) and (b) dose of islets (untreated controls 

■ 

and 50, 100 or 150 encapsulated islets). The mice were followed for 250 days. 

9. The results are shown in the attached figures. The figures show bar graphs for the 
10 treated mice and 3 untreated mice assigned to each time of implantation group. Mice that 
remained diabetes-free after 250 days are shown with red bars. One mouse treated with 100 islet 
equivalents (IEQ) at 12 weeks of age remained diabetes-free until 249 days of age, and is 
therefore shown with a blue bar. 

10. It can be seen that all 9 of the untreated controls developed diabetes prior to 200 
days. In contrast, many of the mice treated with encapsulated islets remained diabetes-free after 
250 days. In particular, 6 out of the 10 mice treated with encapsulated islets at 4 weeks of age; 5 
out of the 10 mice treated with encapsulated islets at 6 weeks of age; and 3 out of the 10 mice 
treated with encapsulated islets at 8 weeks of age remained diabetes-free. The diabetes-free 
mice were followed for an additional 50 days, and many of these mice were still diabetes-free at 
age 300 days. 

11. The foregoing results demonstrate that Type I diabetes in a mammal predisposed 
to develop diabetes can be prevented by implanting insulin-producing cells that are encapsulated 
in a biologically-compatible membrane, when administered to the mammal prior to clinical onset 
of Type I diabetes. 
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12. These series of experiments, and the knowledge of one skilled in the art, 
demonstrate what is important in developing a method to alter the autoimmunity to prevent 
ongoing destruction of affected tissues. > . 

13. It is important that the cells are encapsulated, but not the method of encapsulation 
[macrodevice or microdevice, or macroencapsulation, microencapsulation, microcapsules or 
conformal coating] or the material used for encapsulation [alginate, PEG, PEG/alginate, agarose, 
or any of numerous other materials]. It is the physical barrier surrounding the cells that allows 
the nutrients and oxygen to enter the cell and the antigens from the encapsulated cells to enter the 
blood, while at the same time the physical barrier prevents the immune system from killing the 
cells producing the immunological response. Additionally, the encapsulation allows the 
continuous, chronic release of antigens from the cells to effect the correct response from the 
immune system to stop the autoimmune destruction. 

14. It is important, in relation to the onset of the autoimmune disease, when and how 
many encapsulated cells are transplanted into the animal, but not where the transplantation site is 
located in the body. I believe it is the timing of transplantation and amount of cells that stops the 
autoimmune destruction, and not whether the transplantation site is subcutaneous, intramuscular, 
intraorgan, arterial/venous vascularity of an organ, cerebro-spinal fluid, or lymphatic fluid, since 
all allow interaction between the encapsulated cells and the immune system. 

15. It is important that the cells, which are encapsulated, release antigens specific to 
the autoimmune response against which the autoimmune destruction is focused, but not that the 
cells be a specific type or from a specific organ. 

16. It is important that it is an autoimmune disease for which immune protection is 
sought, but not the specific autoimmune disease since there is a common mechanism by which 
protection from autoimmune destruction is developed in the body. 

17. The method of preventing autoimmune destruction by the chronic exposure of the 
mammal to antigens, which elicit an autoimmune response, that are continuously released from 
the encapsulated cells takes advantage of two important regulatory functions in the immune 
system to determine "self and "non-self. The invention induces a self tolerance using the 
body's natural "self-tolerance" mechanism. Autoimmune diseases are caused by a breakdown in 
the normal self recognition process of the immune system. Correcting this breakdown, well 
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before serious damage is done to the body alleviates the autoimmune disease and prevents the 
eventual tissue damage. 

18. The critical aspect of the invention is correcting this breakdown after it has begun 
but prior to irreversible damage has occurred, and thus promoting the re-establishment of self 
acceptance to the antigen. 

19. An autoimmune disease is not, per se y a disease in the classical sense caused by 
bacteria or viri. Autoimmunity is defined as breakdown of mechanisms responsible for self 
tolerance and induction of an immune response against components of the self. The immune 
system incorrectly identifies self proteins as foreign and mounts an attack against the body's 
tissue. Left unchecked, the immune response continues to accelerate until it destroys the tissue 
releasing the antigen and causes serious metabolic problems or death. Both antibodies and 
effector T cells can be involved in the damage in autoimmune diseases. 

20. The exact etiology of autoimmune diseases is not known. However, various 
theories have been offered. These include sequestered antigen, escape of auto-reactive clones, 
loss of suppressor cells, cross reactive antigens including exogenous antigens (pathogens) and 
altered self antigens (chemical and viral infections). Some of these may also be on a background 
of gene expression that makes the destruction easier. 

21 . Although the agent that causes the immune system to make the initial error in the 
recognition of self and begins the onset of the autoimmune disease may be different for each 
syndrome, the mechanisms of the immune system in the body are the same. Therefore, a method 
which reverses the unchecked immune response and re-establishes tolerance to "self, will have 
an universal effectiveness on autoimmune diseases, no matter what caused the error in the first 
place. 

22. Therefore, Type I diabetes can be considered a "Model disease" for autoimmune 
diseases in general, since the development of autoimmune diseases have a similar pathway, 
whether it is Type I diabetes, MS, Lupus or any of the other autoimmune diseases. Therefore, a 
method developed to reverse the onset of Type I diabetes will have universal application to other 
autoimmune diseases. 

23. Preventing or stopping autoimmune destruction is quite different from non- 
specific immunosuppression and immunodeficiency. It is an active antigen-dependent process in 
response to the antigen. Like an immune response, eliminating autoimmune destruction is 
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specific and like immunological memory, it can exist in T-cells, B cells or both and like 
immunological memory, the T cell effect is longer lasting than the B cell effect. 

24. The final achievement in preventing autoimmune destruction in humans by the 
chronic exposure to self-proteins from encapsulated cells may be due to the priming cells being 
unable to give a second signal to host T cells with the immune effect maintained by the continued 
presence of the native cells in the recipient. 

25. The current invention takes advantage of the body's own immune system to 
generate "self-tolerance" to an antigen(s) it previously mistook as "foreign", which initiated the 
autoimmune disease cascade. It is this unique manipulation of the body's own immune system 
that corrects the previous error of the immune system. 



Respectfully submitted, 



Dated 





David Scharp, M.D. 
Chief Scientific Officer 
Novocell, Inc 
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DETAILED ACTION 



I. The examiner of your application in the PTO has changed. To aid in correlating any papers 
for this application, all farther correspondence regarding this application should be directed to 
Michail Belyavskyi, Group Art Unit 1644, Technology Center 1600 



Claims 2-9 are pending 



2. Applicant's election of primary cell species allogenic cells species and without 
immunosuppression in the reply filed on 10/12/04 is acknowledged. Because applicant did not 
distinctly and specifically point out the supposed errors in the restriction requirement, the 
election has been treated as an election without traverse (MPEP § 81 8.03(a)). 



Claims 2-9 are under consideration in the instant application. 



3. The title of the invention is not descriptive. A new title is required that is clearly indicative of 
the invention to which the claims are directed. 



4. Applicant notes that an IDS was submitted with the prior application 09/226742. However 
these citations have been crossed out as said references cited in said parent application cannot be 
found. Applicant is invited to resubmit such references to complete the instant file. The 
examiner apologizes for any inconvenience to applicant for having to resubmit such documents. 



5. The following is a quotation of the first paragraph of 35 U.S.C. 112: 

The specification shall contain a written description of the invention, and of the manner and process of making and using it, in 
such full, clear, concise, and exact terms as to enable any person skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and use the same and shall set forth the best mode contemplated by the inventor of carrying out his 

invention. 
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6. Claims 2-9 are rejected under 35 U.S.C. 112, first paragraph, as containing subject matter 
which was not described in the specification in such a way as to reasonably convey to one skilled 
in the relevant art that the inventors), at the time the application was filed, had possession of the 
claimed invention. This is a New Matter rejection. 

" A method of preventing onset of Type I diabetes in a mammal" claimed in claim 2 represent 
a departure from the specification and the claims as originally filed. The passages pointed by the 
applicant do not provide a clear support for the "A method of preventing onset of Type I 
diabetes in a mammal". The specification and the claims as originally field only support " A 
method of preventing diseases". 



7; Also an issue that Claims 2-9 are rejected under 35 U.S.C. 1 12, first paragraph, because the 
specification, does not reasonably provide enablement for a method of preventing onset of 
Type I diabetes in a mammal , comprising implanting insulin-producing cells encapsulated in a 
biologically compatible membrane. 

The specification does not enable any person skilled in the art to which it pertains, or with which 
it is most nearly connected, to make and or use the invention commensurate in scope with this 
claim. 

The specification disclosure does not enable one skilled in the art to practice the invention 
without an undue amount of experimentation. 

Factors to be considered in determining whether undue experimentation is required to practice 
the claimed invention are summarized In re Wands (858 F2d 73 1 , 737, 8 USPQ2d 1400, 1 404 
(Fed. Cir. 1988)). The factors most relevant to this rejection are the scope of the claim, the 
amount of direction or guidance provided, the limited working examples, the unpredictability in 
the art and the amount of experimentation required to enable one of skill in the art to practice the 
claimed invention. 



The specification only discloses the effects of the implanting of insulin-producing cells on the 
level of blood glucose using streptozotocin-induced diabeties in murine experimental model ( 
See Examples 1-2 in particular). Examples 3-7 in the instant Specification are prophetic 
examples that indicate what the inventor thinks might happen in the experiments which have not 
actually been performed. The specification does not adequately teach how to effectively prevent 
onset of type I diabetes in mammal predisposed to type I diabetes , comprising implanting 
insulin-producing cells encapsulated in a biologically-compatible membrane. Mestas et al ( J, of 
Immunology, 2004, 172, pages 2731-238) teach that there exist significant differences between 
mice and humans in immune system development, activating and response to challenge in both 
the innate and adaptive arms. As therapies for human diseases become ever more sophisticated 
and specifically targeted it becomes increasing important to understand the potential limitations 
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of extrapolating data from mice to humans . The literature is littered with the examples of 
therapies that work well in mice but fail to provide similar efficacy in humans. Teuveson et aL, 
( Immun. Review 1993, N136, pages 101-107) teach that one problem with rodent models of 
transplantation is that rejection is easily overcome in said models in comparison to the difficulty 
of overcoming allograft rejection in human ( see page 100 in particular). Teuveson et al., further 
teach that " however today's small animal models seem to be insufficient to produce data for 
clinical decision-making" and further raises doubt as to whether large animal models can be 
applied to clinical situations, due to species-specific reactions to treatment ( see page 101 in 
particular). Feldman et al (Transplant Proc. 1998, 30, 4126-4127) teach that "while it is not 
difficult to study the pathogenesis of animal models of disease, there are multiple constraints on 
analyses of the pathogenesis of human disease, leading to interesting dilemmas such as how 
much can we rely on and extrapolate from animal models in disease" In addition, Cochlovius 
et al ( Modern Drug Discovery, 2003, pages 33-38) teach that in contrast to in vitro models, and 
partly animal-human xenograft systems, tissue cells in vivo seems to express molecules for 
defense against cellular immune systems as well as. against complement. Although these defense 
mechanisms are still poorly understood, they provide some hints as to why many potential 
therapeutics perform marvelously in vitro but a fairly high portion of them still fail in vivo. 
Moreover, since the method of treating and preventing onset of type I diabetes in mammal 
predisposed to type I diabetes , comprising implanting insulin-producing cells encapsulated in a 
biologically-compatible membrane can be species- and model-dependent ( see Van Noort et al. 
International Review of Cytology, 1998, v. 178, pages 127-204, Table III in particular) , it is not 
clear that reliance on the in vivo murine data accurately reflects the relative any mammal and 
human efficacy of the claimed therapeutic strategy. Van Noort et al, further indicate factors that 
effect immune response such as genetic, environmental and hormonal (Page 176, Paragraph 3). 
The ability of a host to enhance an immune response will vary depending upon factors such as 
the condition of the host and burden of disease. 

Thus, as has been discussed supra, the state of the art is that it is unpredictable form the in vivo 
murine data disclosed in the specification as whether the instant invention can be used for the in 
vivo treatment of diabetes in any mammals including human. Therefore, it is not clear that the 
skilled artisan could predict the efficacy of a method of preventing onset of type I diabetes in 
mammal predisposed to type I diabetes , comprising implanting insulin-producing cells 
encapsulated in a biologically-compatible membrane. Thus in the absence of working examples 
or detailed guidance in the specification, the intended uses of the claimed method of preventing 
onset of Type I diabetes in any mammal, including human are fraught with uncertainties. 

Further, the burden of enabling the prevention of a disease (i, e. the need for additional testing) 
would be greater than that of enabling a treatment due to the need to screen those humans 
susceptible to such diseases and^the difficulty of proof that the administration of the drug was the 
agent that acted to prevent the condition. Further, the specification does not provide guidance as 
to how one skilled in the art would go about screening those patients susceptible to Type I 
diabetes within the scope of the presently claimed invention. Nor is guidance provided as to a 
specific protocol to be utilized in order to prove the efficacy of the presently claimed compounds 
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ih 5 preventing these disease states. Knip M ( Acta Pediatr. Suppl., 1998, V.452, pages 54-62) 
teaches that currently the state of the art is that successful prevention of type I diabetes has at 
least two precondition. First; one must be able to identify individuals at increase risk for , 
progression to type I diabetes and second, must have an intervention modality with less severe 
adverse effects than those associated with disease itself Total eradication of clinical type I 
diabetes cannot be expected in the next century, as it is probable that a combination of different 
interventions will be needed to achieve an optimal effect ( see entire document, page 60 in 
particular). Accordingly, undue experimentation is necessary to determine screening and testing 
protocols to demonstrate the efficacy of the presently claimed invention. 

Thus, Applicant has not provided sufficient guidance to enable one skill in the art to use claimed 
method of preventing onset of type I diabetes in mammal predisposed to type I diabetes , 
comprising implanting insulin-producing cells encapsulated in a biologically-compatible 
membrane in maimer reasonably correlated with the scope of the claims. The scope of the 
claims must bear a reasonable correlation with the scope of enablement. In re Fisher, 166 USPQ 
1 8{CCPA 1970) indicates that the more unpredictable an area is, the more specific enablement 
is necessary in order to satisfy the statute. 

In view of the quantity of experimentation necessary, the unpredictability of the art, the lack of 
sufficient guidance in the specification, the limited working examples, and the limited amount of 
direction provided given the breadth of the claims, it would take undue trials and errors to 
practice the claimed invention. 



8. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action; 

A person shall be entitled to a patent unless — 

(e) the invention was described in a patent granted on an application for patent by another filed in the United States before the 
invention thereof by the applicant for patent, or on an international application by another who has fulfilled the requirements of 
paragraphs (1), (2), and (4) of section 37(c) of this title before the invention thereof by the applicant for patent. 



9. Claims 2-5, 7-9 are rejected under 35 US, C. 102(e) as being anticipated by US Patent 
6,703,01 7 or by US Patent 5,425764. 
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US Patent '017 teaches a method of treating and preventing onset of type I diabetes in a mammal 
comprising implanting insulin-producing cells encapsulated in a biologically compatible 
membrane ( see entire document, Abstract and columns 6, 8, 9 -14 and Example 12 in 
particular) . US Patent *017 teaches that insulin producing cells are pancreatic islet cells from 
primary cell source ( see columns 8 and 1 1 in particular). US Patent '017 teaches that 
pancreatic islet cells are from the same species as the mammal and are implanted 
interperitoneally into the tissue of a mammal beneath the kidney capsule ( see overlapping 
columns 13-14 and Example 2 in particular). US Patent '017 teaches that encapsulation of said 
insulin-producing cells in biologically compatible membrane for success of implantation is well 
known in the art ( see column 12 and Example 12 in particular). 

US Patent '764 teaches a method of treating and preventing onset of diabetes in a mammal 
comprising implanting insulin-producing cells encapsulated in a biologically compatible 
membrane ( see entire document, Abstract and overlapping columns 5-6 in particular). US Patent 
'764 teaches that insulin producing cells are pancreatic islet cells ( see column 1 and 4 in 
particular). US Patent '764 teaches that cells are implanted interperitoneally ( see column 5 in 
particular); 

The references teaching anticipates the claimed invention. 



10. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all obviousness 
rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in section 102 of this 
title, if the differences between the subject matter sought to be patented and the prior art are such that the subject matter as a 
whole would have been obvious at the time the invention was made to a person having ordinary skill in the art to which said 
subject matter pertains. Patentability shall not be negatived by the manner in which the invention was made. 

This application currently names joint inventors. In considering patentability of the claims under 
35 U.S.C. 103(a), the examiner presumes that the subject matter of the various claims was 
commonly owned at the time any inventions covered therein were made absent any evidence to 
the contrary. Applicant is advised of the obligation under 37 CFR 1.56 to point out the inventor 
and invention dates of each claim that was not commonly owned at the time a later invention was 
made in order for the examiner to consider the applicability of 35 U.S.C. 103(c) and potential 35 
U.S.C. 102(0 or (g) prior art under 35 U.S.C. 103(a). 



11. Claims 2-9 are rejected under 35 U.S.C. 103(a) as being unpatentable over US Patent 
6,703,01 7 or by US Patent 5,425764 each and in view of US Patent 5,529,914. 
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The teaching of US Patent 6,703,01 7 and US Patent 5,425764 have been discussed, supra. 

US Patent 6,703,017 or US Patent 5,425764 does not explicitly teaches that a method of 
preventing onset of Type I diabetes wherein insulin-producing cells are encapsulated in a 
conformal coating comprises polyethylene glycol (PEG). 

US Patent '914 teaches a new type of biocompatible membrane as a covering to encapsulate 
biological materials, comprising PEG that is acceptable for implants in mammalian. ( see entire 
document, Abstract in particular). US Patent '914 teaches that various types of cells can be 
encapsulated in said biocompatible membrane and that said encapsulation will prevent 
rejection of encapsulated cells during transplantation (see column 10 in particular). 

It would have been obvious to a person of ordinary skill in the art at the time the invention was 
made to apply the teaching of US Patent '914 to those of US Patent « 017 or US Patent '764 
to obtain a claimed method of preventing onset of Type I diabetes wherein insulin-producing 
cells are encapsulated in a conformal coating comprises polyethylene glycol (PEG). 

One of ordinary skill in the art at the time the invention was made would have been motivated to 
do so, because encapsulation of cells in biologically compatible membrane comprising PEG will 
prevent rejection of encapsulated cells during transplantation as taught by US Patent '914. Said 
type of biocompatible membrane can be used to substitute the different type of biocompatible 
membrane for successful implantation of insulin-producing cells in the method of treating 
or preventing Type I diabetes taught by US Patent * 017 or US Patent '764. The strongest 
rationale for combining references is a recognition, expressly or impliedly in the prior art or 
drawn from a convincing line of reasoning based on established scientific principles or legal 
precedent, that some advantage or expected beneficial result would have been produced by their 
combination. In re Semaker. 217 USPQ 1,5-6 (Fed Cir. 1983). See MPEP 2144. 

From the combined teaching of the references, it is apparent that one of ordinary skill in the art 
would have had a reasonable expectation of success in producing the claimed invention. 
Therefore, the invention as a whole was prima facie obvious to one of ordinary skill in the art at 
the time the invention was made, as evidenced by the references, especially in the absence of 
evidence to the contrary. 



12. No claim is allowed 
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13. The lengthy specification has not been checked to the extent necessary to determine the 
presence of all possible minor errors. Applicant's cooperation is requested in correcting any 
errors of which Applicant may become aware in the specification. 



14. Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Michail Belyavskyi whose telephone number is 571/272-0840. The 
examiner can normally be reached Monday through Friday from 9:00 AM to 5:30 PM. A 
message may be left on the examiner's voice mail service. If attempts to reach the examiner by 
telephone are unsuccessful, the examiner's supervisor, Christina Chan can be reached on 
571/272-0841. 

The fax number for the organization where this application or proceeding is assigned is 703-872- 
9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private 
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



Michail Belyavskyi, Ph.D. 
Patent Examiner 
Technology Center 1600 
December 10, 2004 
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AMENDMENT AND RESPONSE TO OFFICE ACTION 



Mail Stop Amendment 

Commissioner for Patents 

P.O. Box 1450 

Alexandria, VA 22313-1450 

Dear Sir: 

In response to Office Action mailed December 1 6, 2004, and interview conducted March 
21, 2005 please amend the above-identified application as follows: 

Amendments to the Claims are reflected in the listing of claims which begins on page 2 
of this paper. 



Summary of Interview begins on page 3 of this paper. 
Remarks/Arguments begin on page 4 of this paper. 
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* ■ * 

AMENDMENTS TO THE CLAIMS 

1. (Canceled) 

2. (Currently amended) A method of preventing onset of Type I diabetes in a 
mammal predisposed to Type I diabetes, comprising implanting a dose of insulin-producing cells 
encapsulated in a biologically-compatible membrane into an implantation site in said mammal 
prior to onset of Type I diabetes , wherein said dose is at least one order of magnitude less than 
that necessary to achieve normoglvcemia in a mammal of the same species with type I diabetes . 

3. (Previously presented) The method of Claim 2, wherein said cells are from a 
primary cell source. 

4. (Previously presented) The method of Claim 3, wherein said cells are pancreatic 
islet cells. 

5. (Previously presented) The method of Claim 2, wherein said cells are 
encapsulated in a conformal coating. 

6. (Previously presented) The method of Claim 5, wherein said conformal coating 
comprises polyethylene glycol (PEG). 

7. (Previously presented) The method of Claim 2, wherein the insulin-producing 
cells are from the same species as the mammal. 

8. (Previously presented) The method of Claim 2, wherein Type I diabetes is 
prevented without continuous immunosuppression. 

9. (Previously presented) The method of Claim 2, wherein the cells are implanted 
intraperitoneally. ■ 
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SUMMARY OF INTERVIEW 

Exhibits and/or Demonstrations 

Experimental data showing that implanting a tolerizing (sub-therapeutic) dose of 
encapsulated insulin-producing cells into NOD mice prior to the animals developing diabetes 
protected these animals from diabetes for the rest of their natural lives as shown by their 
normoglycemia and lack of insulitis. 
Identification of Claims Discussed 

2-9 

Identification of Prior Art Discussed 

USP 6,703,017 and 6,425,764 
Proposed Amendments 

The Applicant proposed to specify the dose of the insulin-producing cells implanted to 
prevent diabetes Type L 
Principal Arguments and Other Matters 

The Applicant argued that claims 2-9 are novel over USP 6,703,0 1 7 and 6,425,764. 
Results of Interview 

The Examiner insisted that the data presented by the inventor showing prevention of Type 
I diabetes in non-obese diabetic (NOD) mice was not sufficient to show a method of preventing 
type I diabetes in human. According to the Examiner, only clinical data from human trials could 
be used for this purpose. 
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REMARKS 

Claim 2 has been amended. Support for the amendment can be found in the Specification 
as filed, for example, page 9, lines 9-1.1, page 12, line 26-page 13, line 4; page 20, lines 4-8; and 
page 25, lines 14-16. Therefore, no new matter has been introduced by this amendment. The 
following addresses the substance of the Office Action. 

1. Title of the invention is descriptive 

The current title of the application is: "Prevention of Diabetes through Induction of 
Immunological Tolerance". This title accurately reflects the claimed invention, and distinctly 
points out what is claimed in the application. 

2. References in IDS not found in File 

Applicant has resubmitted the references previously submitted in the parent application. 

3. Compliance with the Written Description Requirement 

The Examiner rejected Claims 2-9 under the written description requirement of 35 U.S.C. 
§112, first paragraph. The Examiner pointed out that the specification must describe the 
invention in such a way as to reasonably convey to one skilled in the relevant art that the 
inventor(s), at the time the application was filed, had possession of the claimed invention. In 
accordance with the written description guidelines of MPEP 2163, "[possession may be shown 
in a variety of ways including . . . by describing distinguishing identifying characteristics 
sufficient to show that the applicant was in possession of the claimed invention." 

Here, the specification is quite clear in showing the distinguishing identifying 
characteristics of the subject matter of Claims 2-9. In particular, all of the features of Claim 2 
are specifically described in the specification as filed at page 3, line 28 through page 4, line 19. 
Additional description of the specific features of these claims is set forth at page 4, lines 3-4; 
page 10, lines 12-16, and page 19, lines 1-14. One skilled in the art reviewing these portions of 
the specification would have no doubt that the Applicants had possession of the invention. 
Therefore, Applicant asserts that Claims 2-9 are supported in the Specification as filed and are in 
compliance with 35 U.S.C. §112, first paragraph. 

4. Compliance with the Enablement Requirement 

The Examiner believes that the specification does not reasonably provide enablement for 
a method of preventing onset of Type I diabetes in a mammal comprising implanting insulin- 
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producing cells encapsulated in a biologically compatible membrane. The reasons the Examiner 

stated for the rejection are: A) unpredictability of the prevention of diabetes in human from the 

murine data; B) need for screening for susceptible individuals; C) need for undue 

experimentation to determine screening and testing protocols to demonstrate the efficacy of the 

claimed invention. Each of these reasons is addressed below: 

A. Reasonable predictability of the prevention of diabetes in human from in vivo data 
obtained in NOD mice. 

As discussed above in connection with compliance with the written description 
requirement, the specification describes every feature of the claimed invention. One skilled in 
the art would have no difficulty carrying out the steps for making and using the invention based 
on this description. To establish that one actually carrying out these steps could successfully 
achieve the claimed result, i.e. prevention of diabetes, Applicant submitted a Declaration of 
David Scharp showing that NOD mice receiving the treatment described in the specification were 
prevented from becoming diabetic. Nevertheless, the Examiner is questioning the value of such 
evidence based on alleged lack of predictability of the prevention of diabetes in human from in 
v/vo data obtained in the NOD mice. 

However, the Examiner is setting forth a much stricter standard than required by law. 

MPEP 2107.03 establishes the following: 

Evidence does not have to be in the form of data from an art-recognized animal 
model for the particular disease or disease condition to which the asserted utility 
relates. Data from any test that the applicant reasonably correlates to the asserted 
utility should be evaluated substantively. Thus, an applicant may provide data 
generated using a particular animal model with an appropriate explanation as to 
why that data supports the asserted utility. The absence of a certification that the 
test in question is an industry-accepted model is not dispositive of whether data 
from an animal model is in fact relevant to the asserted utility. Thus, if one 
skilled in the art would accept the animal tests as being reasonably predictive of 
utility in humans, evidence from those tests should be considered sufficient to 
support the credibility of the asserted utility." 

In the present case, the animal tests submitted by Applicant have been established as 
reasonably predictive by those skilled in the art. The NOD (non-obese diabetic) mouse is the 
standard animal model for conducting research on Type I diabetes and other autoimmune disease. 
The NIH recognize the NOD mouse as the model animal for diabetes and maintains a research 
colony and data base on these animals for researchers. The NIH state "The NOD mouse, which 
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spontaneously develops type 1 diabetes, is a valuable animal model that is used extensively in 
research exploring the etiology, prevention, and treatment of this disease. It is a vital research 
tool for testing promising prevention and treatment strategies at the preclinical level. 55 
(http://www.niaid.nih.gov/dait/NODmice.htm copy attached herein). 

Moreover, Hanninen et al. (2003 "Development of new strategies to prevent type I 
diabetes: the role of animal models" Annals of Medicine 35:546-563, copy attached herein) 
states: "The non-obese diabetic (NOD) mouse is the most widely used animal model of T1DM. 
[...] research in non-obese diabetic mice has led to the discovery of new strategies of diabetes 
prevention that are now in human clinical trials". The authors further present a whole list of 
current clinical trials based on strategies developed in NOD mice. 

Additionally, the US PTO has also previously accepted the predictability of the results of 
prevention of diabetes in NOD mice and allowed claims to a method of protecting against the 
development of autoimmune diabetes in a susceptible subject (USP 6,841,152). 

In addition, the Second Declaration of David Scharp under 37 CFR 1.132 submitted 
herewith states that the NOD mouse is the only animal model for human autoimmune, Type I 
diabetes because it is the only available model reasonably predictive of human disease. The 
same Declaration also shows that using the "one to two orders of magnitude" criteria for 
calculating the dose for toleriziiig the experimental animals was successful in preventing the 
autoimmune disease under study - Type I diabetes. The NOD mice were implanted with 50 to 
1 50 islets, which resulted in prevention of diabetes in these animals. 

While it is true that questions have been raised whether the NOD model is absolutely 

predictive of treatment of humans, such an absolute correlation with human disease is not 

required to support enablement MPEP 2107.03 further provides: 

The applicant does not have to prove that a correlation exists between a particular 
activity and an asserted therapeutic use of a compound as a matter of statistical 
certainty, nor does he or she have to provide actual evidence of success in treating 
humans where such a utility is asserted. Instead, as the courts have repeatedly 
held, all that is required is a reasonable correlation between the activity and the 
asserted use. 

Therefore, using the proper standard set forth in the MPEP, the evidence provided by 
Applicant clearly supports that one skilled in the art would accept the NOD model as reasonably 
correlating to the condition in human, 
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B. Screening for susceptible individuals is well-known and routine 

The Examiner also objected to the enablement provided by the specification based on an 
alleged failure to disclose how to screen for susceptible individuals. However, the specification 
as filed on page 19, lines 9-12, provides information that "in diabetes, the use of immune marker 
autoantibodies to establish preclinical diabetes has been well studied" The specification cites 
Palmer, Diabetes Rev. 1(1):104-116, 1993 in support of this statement In addition, Applicant 
provides herewith several references to support the position that screening for individuals 
susceptible to developing type I diabetes has been well-established in the art at the time the 
invention was made: Bonifacio et al. 1995 "Islet autoantibody markers in IDDM: risk assessment 
strategies yielding high sensitivity", Diabetologia 38:816-22; Lee et al. 1995 "Relationships 
among 64k autoantibodies, pancreatic beta-cell function, HLA-DR antigens and HLA-DQ genes 
in patients with insulin-dependent diabetes mellitus in Korea", Korean J. Intern. Med. 10:1-9; 
Bingley et al. 1994 "Combined analysis of autoantibodies improves prediction of IDDM in islet 
cell antibody-positive relatives", Diabetes 43:1304-10; Zimmet et al. 1994 "Autoantibodies to 
glutamic acid decarboxylase and insulin in islet cell antibody positive presymptomatic type 1 
diabetes mellitus: frequency and segregation by age and gender", Diabet Med. 11:866-71; 
Christie et al. 1994 "Antibodies to islet 37k antigen, but not to glutamate decarboxylase, 
discriminate rapid progression to EDDM in endocrine autoimmunity", Diabetes 43:1254-9; 
Tuomilehto et al. 1994 "Antibodies to glutamic acid decarboxylase as predictors of insulin- 



dependent diabetes mellitus before clinical onset of disease", Lancet 343:1383-5; Zimmet et al. 
1994 "Latent autoimmune diabetes mellitus in adults (LAD A): the role of antibodies to glutamic 
acid decarboxylase in diagnosis and prediction of insulin dependency", Diabet Med. 11:299-303, 
copies of which are submitted herewith. 



"The specification need not disclose what is well known in the art." See, e.g., In re 
Buchner, 18 USPQ2d 1331 (Fed. Cir. 1991). Thus, there was no requirement for Applicants' 
specification to contain a thorough description of the well known techniques that were well- 

* 

established as of the effective filing date. Accordingly, one skilled in the art would have no 
difficulty identifying suitable subjects for the treatment of the present invention. 
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C. Experimentation to determine screening and testing protocols to demonstrate the 
efficacy of the claimed invention in not undue 

The Examiner also believed that undue experimentation would be required to determine 
screening and testing protocols. However, as established in both Declarations of David Scharp, 

\ ■ 

M.D., testing protocols have already been established with minimum difficulty. As apparent 
from the claim, the goal of the invention is to prevent diabetes, i.e. maintain normoglycemic 
Methods for determining whether normoglycemia is present have been exceedingly well known 
for many years; thus, only routine blood glucose monitoring would be required to demonstrate 
the efficacy of the claimed invention. 

MPEP 2164.01(c) establishes that in order to meet the enablement requirement, one 
skilled in the art need only be able to discern an appropriate dosage or method of use without 
undue experimentation based on knowledge of compounds having similar physiological or 
biological activity. Here, the Specification at page 12, lines 26-30 clearly indicates that a dose of 
implanted insulin-producing cells to induce tolerance is one or two orders of magnitude less than 
a full dose of implant which provides adequate insulin production for normoglycemia. The Ml 
dose for achieving normoglycemia has been well worked out for many years. Accordingly, no 
difficulty would be had in obtaining the correct dose for any given individual. Accordingly, no 
undue experimentation would be required to practice the claimed invention. 

5, Compliance with 35 U.S.C. 102 

The Examiner rejected Claims 2-5, 7-9 as anticipated by US Patent 6,703,017 or by US 

Patent 5,425,764. In order to anticipate, the reference must teach each and every element of the 

claim. The '017 patent describes implanting insulin-producing cells in a dose of about 8,000- 

12,000 islets/kg of patient's body weight (col. 14, lines 7-9) to create a pancreas-like structure in 

a human patient Therefore the implant in USP '017 is designed to treat diabetes by creating a 

live "insulin pump" in the body. Furthermore, Example 12 of USP '017 describes implanting 

5,000 islets per NOD mouse which has developed diabetes (this dose equals 200,000 islet/kg of 

body weight), which resulted in normoglycemia in these animals. The '017 patent does not 

teach implanting a dose of insulin-producing cells encapsulated in a biologically-compatible 

membrane prior to onset of Type I diabetes, wherein said dose is at least one order of magnitude 

less than that necessary to achieve normoglycemia in a mammal of the same species with type I 

diabetes. The "017 patent only concerns itself with treating diabetes once established with 
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implanting islets, not preventing diabetes from becoming established by implanting a small, sub- 
therapeutic dose of encapsulated cells. Therefore, Claim 2 as currently amended, as well as 
claims dependent on Claim 2 are not anticipated by US Patent 6,703,01 7. 

US Patent 5,425,764 describes a method of using an implantable bioartificial pancreas 
device containing insulin-secreting islets, to supply an exogenous source of insulin to treat the 
symptoms of diabetes. Accordingly, the '764 patent requires implantation of a curative dose of 
insulin-secreting cells, i.e. the dose necessary to achieve normoglycemia. As such the '764 
Patent does not teach implanting a dose of insulin-producing cells encapsulated in a biologically- 
compatible membrane prior to onset of Type I diabetes, wherein said dose is at least one order of 
magnitude less than that necessary to achieve normoglycemia in a mammal of the same species 
with type I diabetes. The '764 patent is focused on a therapy for diabetes by implanting a large 
quantity of islets, and does not consider preventing diabetes from occurring by implanting a 
small dose of encapsulated islets. Therefore, Claim 2 as currently amended as well as claims 
dependent on Claim 2 are not anticipated by the '764 Patent. 

Thus, Claims 2-5, 7-9 are in compliance with 35 U.S.C. § 102. 

6, Compliance with 35 U.S.C. 103(a> 

The Examiner rejected Claims 2-9 under 35 U.S.C. 103(a) as unpatentable over US 
Patent 6,703,017 or by US Patent 5,425764 in view of US Patent 5,529,914. However, pursuant 
to MPEP 2143, in order to establish a prima facie case of obviousness three requirements must 
be met: First there must be some suggestion or motivation, either in the references themselves or 
in the knowledge generally available to one of ordinary skill in the art, to modify the reference or 
combine reference teachings. Second, there must be a reasonable expectation of success. Finally, 
the prior art reference (or references when combined) must teach or suggest all the claim 
limitations. 

In the case of the present invention, the cited references fail to suggest all of the claim 
limitations. The novelty of Claims 2-9 over US Patent 6,703,017 and US Patent 5,425,764 is 
discussed above. As discussed above, neither of these patents teaches, or even suggests, a 
method involving implantation of a sub-curative dose of insulin-secreting cells. US Patent 
5,529,914 discloses a method of encapsulating cells, but it fails to cure the deficiencies of US 
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Patent 6,703,017 and US Patent 5,425764. Therefore, Claims 2-9 are in compliance with 35 
USC § 103(a). 
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CONCLUSION 

Applicants have endeavored to address all of the Examiner's concerns as expressed in the 
outstanding Office Action. Accordingly, amendments to the claims, the reasons therefor, and 
arguments in support of the patentability of the pending claim set are presented above. In light of 
the above amendments and remarks, reconsideration and withdrawal of the outstanding rejections 
is specifically requested. If the Examiner finds any remaining impediment to the prompt 
allowance of these claims that could be clarified with a telephone conference, the Examiner is 
respectfully requested to initiate the same with the undersigned. 



Respectfully submitted, 

Knobbe, Martens, Olson & Bear, LLP 



Dated: 




Marina L. (mr&ey 
Registration No. 52,950 
Agent of Record 
Customer No. 20,995 
(805) 547-5580 
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SECOND DECLARATION OF DAVID SCHARP. M.D. 

UNDER 37 CF.Rg 1.132 



Commissioner for Patents 

P.O. Box a 1450 

Alexandria, VA 22313-1450 



Dear Sir: 

1. I, David Scharp, M.D., am Chief Scientific Officer of Nqvocell, Inc. At Novdcell I am 
actively engaged in research related to development of treatment of diabetes using encapsulated 
insulin-producing cells. 

2. I have extensive experience in the field of the claimed invention as indicated in the 

a 

attached Curriculum Vitae provided herewith as Exhibit A. 

3. There are two potential animal models for studying Type T diabetes, the BB rat and the 
NOD mouse. The BB rat, while developing diabetes, has a multitude of immunologic disorders 
that makes it more of a model for immune deficiency than diabetes. The BB rat is no longer 
considered an acceptable mode) for studying human autoimmune diabetes. 

4. The NOD mouse is therefore, the only animal model for human autoimmune. Type I 
diabetes in that it is predictive of human disease. Its lymphocytes spontaneously begin attacking 
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its insulin-producing pancreatic beta cells soon after birth. Looking at the histology of the 
pancreas of these mice during the autoimmune process, one finds early that most islets are 
infiltrated with immune cells that are destroying islets. As the process: continues towards the 
diabetic phase, almost all of the beta cells are destroyed leaving smaller than normal islets with 
residual inflammation that continues to destroy the new islets that are stimulated to develop due 
to the failing islet mass. This ongoing destruction of the insulin-producing pancreatic beta ceils 

progresses for 15 to 32 weeks until a sufficient number of beta cells are destroyed 
to cause the clinical onset of Type I diabetes in NOD mice. Examining living NOD mice prior to 
development of clinical diabetes, including monitoring their blood glucose levels, one would 
have no clue that this autoimmune process is actively ^ destroyiTjg their pancreatic beta cells. Yet, 
if one examines their blood for anti-islet protein antibodies, one can clearly identify those 
animals that will eventually lose blood glucose control and develop clinical diabetes. This 
situation is identical for human Type I (iiabetes in that patients at high risk for developing Type I 
diabetes are tested for the presence of specific auto-antibodies. The number and titers of these 
specific antibodies can now predict with >90% certainty which of these patients with ongoing 
autoimmune destruction of their beta cells will actually develop clinical Type I diabetes within. 5 
years. 

5, By following a large number of patients over time, it has been determined that there are 
clearly many years available in which to intervene in the auto-immune process prior to the 
development of clinical diabetes in an attempt to prevent it, if there were an effective prevention 
method available. Six drugs have been tried in patients with documented evidence of 
autoimmune diabetes to determine if human diabetes can be prevented. To date, such drug 
treatments have not been effective in preventing clinical diabetes in humans. 

6. Our approach is totally different in that we are not giving drugs to prevent diabetes. 
Instead, we are implanting a very small fraction of encapsulated islet allografts into these NOD 
mice prior to the development of clinical diabetes in order to stop the onset of clinical, Type I 
diabetes. This fraction of encapsulated islets is so small it would have no effect on controlling 
blood glucose if given after diabetes had begun and therefore, is not a treatment for diabetes We 
believe that the continuous release of donor antigens from the small fraction of encapsulated 
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islets that are not destroyed by the host, alters the auto-immune response in a way that the host no 
longer considers the islets to be foreign. In tins way, the immune attack on the islets within the 
pancreas stops prior to the onset of clinical diabetes and thus prevents clinical diabetes. 

* * ■ , , ' 

7. In my previous declaration, filed on April 1, 2004, 1 presented the data from the NOD 
mouse study on Prevention of Type I diabetes. This data has now been summarized into two bar 
graphs to allow an easier analysis. 

8. Islets from mouse strain C57BV6 were encapsulated by polyethylene glycol conformal 
coating as described in USP 5,529,914. This patent was incorporated by reference into the 
specification of the application captioned above. The conformally-coated islets were implanted 
by intraperitoneal injection into NOD mice. The experiment had two variables under study - 
time of implantation of the encapsulated islets (4, 8, and 12 weeks) and number of islets 

* * 

implanted (50, 100 and 150 islet equivalents, IEQ), 

9. Exhibit 1 shows the data for all animals grouped by time of implantation. Implantation 
at 4 weeks showed the best results with diabetes being prevented in 60% of the treated animals, 
as compared to the control animals with none having diabetes prevented 

10. Exhibit 2 shows the data for all animals grouped by number of islets implanted. A dose 
of 50 IEQ produced the best results with diabetes being prevented in 60% of the treated animals. 
All the control animals developed diabetes. 

11. Exhibit 3 demonstrates that in the control recipients (NOD mice not implanted with 
encapsulated islet cells), the autoimmune destruction of the pancreatic islets is very complete 
with small shrunken islets remaining with continuing evidence of lymphocytes destroying any 
new islets that are formed. 

12. Exhibits 4 & 5 demonstrate that in those recipients that were prevented from developing 
diabetes after implanting the small quantity of encapsulated islets, very large islets (many times 
their normal size) are present> without evidence of host lymphocyte destruction. This means that 
the normal process in the mouse to replace lost islets has been successful to the point of 
preventing diabetes from destroying all of the newly formed islet cells/ 

13. This demonstrates that the method of the present invention prevents type I diabetes. 
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14. I declare that all statements made herein of my own knowledge are true and that all 
statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that willfiil , false statements and the like so made are 

■ ' - - " ■ • ■ ■ ■ . • ! . • ' 

punishable by fine or imprisonment, or both, under Section 1001 of Title 18 of the United States 
Code arid that such willful false statements may jeopardize the validity or 
patent issuing therefrom. 



Dated: 







David Scharp 



167X364 
042105 
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CURRICULUM VTTAE 

■ - ♦ • 

David William Scharp, MD. 

Born : July 5, 1945 

Washington, Illinois 

Social Security Number : 327-36-7524 

Marital Status : Wife: Jeanette 

Children: Kevin Scharp 
Daniel Scharp 
Anna^diarp 
David Bondurant 
Melissa Bondurant 

Pre-Medical Education : University of Missouri 

Columbia, Missouri 
1963-1966 

Medical Education : Washington University School of Medicine 

St. Louis, Missouri 
1966-1970 

Graduate Hospital Experience : 

Intern in Surgery 

7/1/70-6/30/71 . * 

Barnes Hospital/Washington University 

Surgical Resident 
7/1/71-6/30/72 & 7/1/74-6/30/76 
Barnes Hospital/Washington University 

Surgical Research Fellow 
7/1/72-6/30/74 

Washington University - Department of Surgery 



Academic Positions : 

* * * • * 

Assistant Professor of Surgery 
1976-1983 

Washington University School of Medicine 

Associate Professor of Surgery 
19834991 

Washington University School of Medicine 

Professor of Surgery 
1991-President 

Washington University School of Medicine 

Leave of Absence 
1/1/94-7/1/95 

Commercial Positions : 

Novocell, Inc. 
Chief Scientific Officer 

Neocrin Company 

Chief Scientific Officer 1/1/94-7/31/99 
■ Executive Vice President of Medical Affairs 1/1/94-7/3 1/99 
Executive Vice President for Research 1/1/94-1 1/1/95 
Executive Vice President, Research and Development 1 1/1/95-President 

McDonnell Douglas Corporation 1984-1987 
Contractual Research Investigator 
Electrophoretic Separation of Islet Cells 

Cytotherapeutics, Inc. 1989-1993 
Founding Scientist 
Scientific Advisory Board Member 
Contractual Research Investigator 



Patents : 

'Islet Isolation Process" 
DE191613T-1987 . 
PE3650662D-1998 
EP0191613-1986 
. EP0191 613 -1989 
EP0191613 - 1997 
JP61183226-1986 
US4868121-1989 
US5322790 - 1994 

"Method to Isolate Clusters of Cell Sub-Types from Organs" 

AUr934988^-1989 

CA1340406-1999 

EP0382727-1990 

EP0382727 - 1991 

JP2504222T-1990 

US5079160-1992 

WO8809667 - 1988 

"Implantable Biocompatible Immunoisolatory Vehicle for Delivery of Selected Therapeutic 
Products" 
ATI 56344T- 1997 
AU666118-1996 
AU682796-1997 
AU2004192-1992 
AU3902095 - 1996 
CA2109085-1992 
CA2109085-2003 
DE69221484D-1997 
DE69221484T-1998 
DK585368T-1998 
EP0585368 - 1994 
EP0585368 - 1994 
EP0585368-1997 
ES2 1 0753 7T- 1997 
FI934545 - 1993 
FI934545D-1993 . 
GR3025301T-1998 
HK1001832-1998 
JP6507412T-1994 
NO308198B-2000 
N0933 842 -1993 
SG47470-1998 



US5798113-1998 
US5 800828 - 1998 
US5871767-1999 
US6083523 - 2000 
US6322804-2001 

US2002150603 - 2002 /: 
W09219195 - 1992 ■■'<■■ 

'Methods for Coextruding Immunoisolatory Implantable Vehicles with a Biocompatible 

Jacket and a Biocompatible Matrix Core" 

US5800829-1998 

"Methods for Treating Diabetes by Delivering Insulin from Biocompatible Cell Containing 

~Devices n " .... : ... .. 

. US5869077-1999 

"Methods for Making Immunoisolatory Implantable Vehicles with a Biocompatible Jacket 
and a Biocompatible Matrix Core" 
US5834001 - 1998 
US5874099-1999 

• " ■ . - 

"Use of Pouch for Implantation of Living Cells" 
AU4788993 - 1994 . 
CA2140905 - 1994 
EP0655910-1995 
EP0655910-1996 
JP8500033T-1996 
US59 16554 -1999 
WO9403 154 - 1994 

Hospital Appointments : 

Assistant Surgeon 1976-1983 
Associate Surgeon - 1983 -Present 
Barnes Hospital, St. Louis, Missouri 



Attending Surgeon 1 982- 1 985 

Consulting Surgeon 1976-1982 

Associate Chief of Surgery 1 2/86-9/90 

Veterans Administration Medical Center, St. Louis, Missouri 



Consulting Surgeon 1985-7/95 

Acting Chief of Surgery 3/86-12/86 

St. Louis Regional Hospital, St. Louis, Missouri 

Consulting Surgeon 1976-1985 

St. Louis Children's Hospital, St. Louis, Missouri 

Consulting Surgeon 1976-1985 

Chief of Surgery 1981-1982 

St. Louis County Hospital, St. Louis, Missouri 

Attending Surgeon 1976-1982 

St. Louis City Hospital, St. Louis, Missouri 

Licensure : Missouri 1970 

Certification : American Board of Surgery 1979 

Fellow American College of Surgery 1 982 
Recertification: American Board of Surgery 1989 

Medical Societies : 

American College of Surgeons 

American Diabetes Association 

American Federation of Clinical Research 

American Pancreatic Association 

American Society for Artificial Internal Organs 

American Surgical Association 

Association for Academic Surgery 

Society of University Surgeons 

Tissue Culture Association 

American Society of Transplant Surgeons 

The Cell Transplantation Society 

United Network of Organ Sharing - Region 8 

International Pancreas & Islet Transplantation Association 

Honors and Awards : 

St. Louis Surgical Society Award for Research 

Recipient 1973 & 1974 
N1H Research Career Development Award 

Recipient 1977r 1982 
NLH NAJMMDD Site Visit Teams 

Member 1980-1995 



NIH Surgery, Anesthesiology, and Trauma Study Section 

Member 19854989 

Reserve Member Status 1989-1995 . 
World Journal of Surgery 

Guest Editor - Islet Transplantation Symposium 1984 
"Separation of Islet Cells in Microgravity by Continuous-Flow Electrophoresis" NASA - 

McDonnell Douglas Astronautics Corp. - STS-8, Space Shuttle, "Challenger", 

Experiment 1984 

Editorial Reviewer : 

Diabetes, Surgery, Journal Clinical Investigation 
Grant Reviewer 

Canadian Diabetes Association 
"Medical Research Council of Canada 

• ■ ■ 

National Surgical Advisor - Digestive Disease Center of Excellence - 

The Humana Corporation 1986-1994 
Alpha Omega Alpha - Washington University Chapter - Elected 

Faculty Member January 1988 
Outstanding Profession/Scientific Employee - Federal Employee of the Year Award 

Program - St. Louis Federal Executive Board 1990 
The Huddinge Hospital Transplant Lectureship - Annual Meeting of the Swedish Society for 

Medical Science, Stockholm, Sweden, December 1990 
Council Member - Cell Transplantation Society 1992-Present 

Council Member - International Pancreas & Islet Transplantation Association 1993-Present 
Editorial Board 

Cell Transplantation 1992-1993 

Transplantation Science 

Committee Appointments : 

Washington University Animal Studies Committee 

Chairman 1991-1994 
Washington University Medical Center Alumni Association 

^Committee Member 1991-1994 
International Juvenile Diabetes Research Foundation Medical Science Review Committee 

1990-1993 

UNOS Pancreas Subcommittee Member 1991-1995 

American Society of Transplant Surgeons Program and Publications Committee 1989-1991 
Academic Freedom and Tenure Hearing Committee 
Member 1985-1991 

Washington University Committee on the Humane Care of Laboratory Animal Member 
Member 1984-1990 j 



Operating Room Technician Program 

Forest Park Community College 

Advisory Committee 1976-1995 

Chairman 1986-1995 
Mid-America Transplant Association 

Member Professional Advisory Board 1985-1995 
American Cancer Society Institutional Research Grants 

Washington University Committee for Cancer Research 

Member 1979-1989 

Chairman 1982-1989 
'THealth Views" - Editorial Advisory Board 

Member 1984-1988 
American Diabetes Association, St. Louis Chapter 

Research Committee 1985-1988 
Department of Surgery Animal Facility 

Director 1980-1984 
Washington University Faculty Senate 

Member 1981-1983 
Executive Committee of the Faculty Council 

Member 1982-1984 
Clinical Sciences Research Building Animal Surgery Suite 

Director 1984-1985 
Department of Engineering Master Degree Thesis Review Committee: 

1979- John Bergen - "Kinetics of Insulin Secretion from Pancreatic Islets of Langerhans 
and Development of Islet Transplantation Chambers" 

1980- Paul Aegerter - "Microencapsulation of Living Cells to Prevent Immunological 
Response" 

1 983-Shiow Meei Lin - "Testing of a Mathematical Model for Islet Transplantation 
Chambers" 

1 987-Donna Wilkinson - "Coating of Live Cells with Polysaccharide Derivatives" 

1 989- Mary Blanchard - "Quantification of Low Concentrations of Polysaccharide 
Derivatives and Their Effect on Cell Viability" 

1990- Ph.D. Thesis Review, Donna Hawk-Reinhard - "Purification of Pancreatic Islets of 
Langerhans Using Cell Electrophoresis" 

St Louis VAMC Committees < 

r * 

Comprehensive Planning Committee 

Chairman 1988-1990 
Administrative Executive Board 1988-1990 
Professional Standards Board 1988-1990 
Research Committee 1988-1994 
District Planning Board 1988-1990 



Barnes Hospital Committees 

Chaplaincy Committee 1992-1994 

Emergency Room Committee 1978-1984 

Search Committee for ER Director 1978-1984 

Patient Education Parent Committee 1979 

Surgery Patient Education Subcommittee Chairman 1981-1988 
Tissue Culture Association 

Publicity Chairman 1980 

Invited Presentations, Selected : 

The Kroc Foundation 

Islet Transplantation Workshop 1974 
1 Islet Transplantation Workshop 1979 

Islet Transplantation Workshop 1982 
National Institutes of Health 

National Conference on Diabetes 1979 

National Conference on Diabetes 1983 
Juvenile Diabetes Foundation 

Conference on Research Tissue 1981 

National Meeting, Keynote Speaker 1984 

International Scientific Research Conference 1985 
German Diabetes Association, Giessen, West Germany 

Islet Transplantation Workshop 1980 

Islet Transplantation Workshop 1989 
American Society of Artificial Organs 

Annual Meeting - Keynote Speaker 1 983 

Session Co-Chairman 1987 
International Symposium on Organ Transplantation in Diabetes 

The Hague, Netherlands 1983 
International Symposium on Kidney and Pancreas Transplantation 

Perugia, Italy 1984 
International Islet Transplantation Workshop 

Canberra, Australia 1984 
XII Congress of the International Diabetes Federation 

Madrid, Spain 1985 
XDI Congress of the International Diabetes Federation 

Sydney, Australia 1989 
National Disease Research Interchange 

Human Tissue Conference 1985 

Human Tissue Conference 1986 

Human Tissue Conference 1987 

Human Tissue Conference 1990 



National Disease Research Interchange - Chairman of Task Force on 'T3iqhazard and 
Contamination in the Use of Human Tissue and Organs" 
Philadelphia, PA 1988 

American Diabetes Association National Meeting - Session Co-Chairman for 'Tonus of 
Therapy" 1986 

Visiting Scientist Program - University of Kansas Diabetes Center ; > ■ 

Kansas City, Keuisas 1986 
Immunology of Diabetes Symposium - Member of International Advisory Committee 

Edmonton, Canada 1986 
International Symposium on Complications of Diabetes 

The Hague, Netherlands 1986 
Visiting Professorship - Department of Surgery - University of Minnesota 

Minneapolis, Minnesota 1986 
May 8* b Endocrine Days 

Victoria, British Columbia 1987 
Second Annual Visiting Professorship in Diabetes - University of Wisconsin 

Madison, Wisconsin 1987 
First International Course on Transplantation 

Venice, Italy 1987 
Progress in Organ Transplants, Tissue Replacements and Implants 

Sponsored by Biomedical Business International, New York 1987 
Josiah Brown Memorial Symposium on Pancreas Beta Cell Transplantation 

Los Angeles, California 1987 
Seventh Workshop of the AIDSPIT Study Group 

Igls, Austria 1988 
First international Congress on Pancreatic and Islet Transplantation 

Stockholm, Sweden 1987 <- 
Thirty-Fourth Annual Meeting of ASAIO, Invited Speaker "Modem Treatment of Insulin 
Dependent Diabetes" 

Reno, Nevada 1988 

Sixth Gordon Research Conference on Drug Carriers in Biology and Medicine 

Plymouth, New Hampshire 1988 
XII International Congress of the Transplantation Society 

Sydney, Australia 1988 „ 
Second International Congress on Pancreatic and Islet Transplantation 

Minneapolis, Minnesota 1989 
Biology of Tissue Transplantation Symposium 

Bethesda, Maryland 1989 
Ninth Workshop of the AIDSPIT^Study Group 

Igls, Austria 1990 

Society for Surgery of the Alimentary Tract Postgraduate Course, "Medical Aspects of 
Transplantation of the Liver, Pancreas and Intestine" 
San Antonio, Texas 1990 



Moderator for Pancreas Transplantation Scientific Session - American Society of Transplant 
Surgeons 

Chicago 1990 

UCLA Symposium on Molecular & Cellular Biology, "Tissue Engineering" 

Keystone, Colorado 1990 f 
The Huddinge Hospital Transplant Lectureship Annual Meeting of the Swedish Society for 
Medical Science 

Stockholm, Sweden 1990 
Third International Congress on Pancreatic and Islet Transplantation - Moderator and Plenary 
Speaker 

Lyon, France 1991 
European Association for the Study of Diabetes - Plenary Speaker 

Dublin, Ireland 1991 
Visiting Professor - University of Wisconsin 

Madison, Wisconsin 1991 
Moderator for Clinical Transplantation-Pancreas and Islets - XVIth International Congress of 
the Transplantation Society 

Paris 1992 

American Diabetes Association 53 rd Annual Meeting - Plenary Speaker 

Las Vegas, Nevada 1993 
Fourth International Congress of Pancreas and Islet Transplantation - Plenary Speaker 

Amsterdam 1993 

IVth Joint Meeting of the Lawson Wilkins Pediatric Endocrine Society and the. European 
Society for Pediatric Endocrinology - Symposium Speaker 

San Francisco 1993 
American Association for Clinical Chemistry 

New York 1993 



Publications 
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Abstracts : 

1. Ballinger, W.F., Lacy, P.E., Scharp, D.W. Kemp, C.B., Knight, M. - Jsografts and 
allografts of pancreatic islets in rats. Brit. J. Surg. 60:313, 1973 , 

2. Kemp, C.B., Knight, M.J., Scharp, D.W., Lacy, P.E., Ballinger, W.F. - Islets of 
Langerhans injected into the portal vein of the diabetic rat. South African Journal of 
Surgery 11:135, 1973 

3. Kemp, C.B., Knight, M.J., Scharp, D.W., Lacy, P.E., Ballinger, W.F. - Proceedings: 
implantation of pancreatic islets into the portal vein of diabetic rats. Brit. J. Surg. 60:907, 

4. Scharp, D.W., Kemp, C.B., Knight, M.J., Murphy, J., Newton, W., Ballinger, W.F., Lacy, 
P.E. - Long term results of portal vein islet isografts and allografts in the treatment of 
Streptozbtocin induced diabetes. Diabetes 23:359, 1974 

5. Scharp, D.W., White, D.J., Ballinger, W.F., Lacy, P.E. - Transplantation of intact islets of 
Langerhans after tissue culture. In Vitro 9 : 3 64, 1 974 

6. Knight, M.J., Scharp, D.W., Kemp, C.B., Nunnelley, S.B., Ballinger, W.F., Lacy, P.E. - 
Cryopreservation of pancreatic islets. European Surgical Research 6(1):89, 1974 

7. Ballinger, W.F., Murphy, J.J., Scharp, D.W., Hirshberg, G.E., Karl, R.C., Lacy, P.E. - 
Isolation and preservation of human islets of Langerhans for transplantation in the 
treatment of diabetes. European Society for Exp. Surg., Tenth Congress 1975 

8. Griffith, R.C., Scharp, D.W., Ballinger, W.F., Lacy, P.E. - A morphologic study of 
intrahepatic portal vein islet isografts. Diabetes 34(2):419, 1975 

9. Dodi, G., Scharp, D., Feldman, S., Maresca, B., Ballinger, W., Lacy, P. - Treatment of 
exocrine pancreatic dysfunction in diabetic rats by islet transplantation. European 
Surgical Research 9(1):98, 1977 

* * 

10. Scharp, D.W., Merrell, R.C., Feldman, S., Ruwe, E., Feldmeier, M., Ballinger, W., Lacy, 
P. - Long term culture of islets of Langerhans utilizing a rotational culture method. In 
Vitro 13:174, 1977 

11. Scharp, D., Krupin, T., Waltmari, S., Oestrich, C, Feldman, S., Ballinger, W., Becker, B - 
Relationship of abnormal insulin release to fluorophotometry in experimental diabetes. 
Diabetes 27(2):435, 1978 



12. Scharp, D.W., Merrell, R.C., Feldmeier, M.M., Downing, R., Ballinger, W.F. - Pseudo- 
. islet formation and culture from canine isolated pancreatic cells. Li Vitro 15:216, 1979 

13. Rajotte, R.V., Scharp, D.W., Downing, R. Molnar, G.D., Ballinger, W.F. - The 
transplantation of frozen-thaWed rate islets transported between centers. Diabetes 28:377, 
1979 

14. Downing, R. Scharp, D.W., Grieder, M., Ballinger, W.F. - Mass isolation of islets of 
Langerhans from the dog pancreas. Diabetes 28:426, 1979 

15. Feldman, S.D., Scharp, D.W., Lacy, P.B., Ballinger, W.F. - Fetal pancreas isografts, 
cultured and uncultured to reverse Streptozotocin induced diabetes mellitus. The 
Association for Academic Surgery 12:116, 1979 

16. Grieder, M.H., DeSchryver-Kecskemeti, K. Gingerich, R.L., Scharp, D.W."- In vitro 
studies using canine pseudo-islets and rat antrum cultures as models. UCLA Symposium, 
December 3, 1979 

17. Scharp, D.W., Feldmeier, M.M., Rajotte, R.V., DeSchryver, K., Bell, M. - Human 
pseudo-islet formation, culture and preservation. Diabetes 29(2): 18 A, 1980 

18. Gingerich, R.L., Scharp, D.W., Grieder, M.H., Dye, E.S., Mousel, K.A. - A new in vitro 
model to study secretion and biochemistry of pancreatic polypeptide (PP). Diabetes 
29(2):30A, 1980 

19. Bergen, J.F., Mason, N.S., Scharp, D.W., Sparks, R.E. - Insulin inhibition of islets in 
transplantation chambers. Presented at International Society for Artificial Organs 
Meetings, Paris, July 8-10, 1981 

20. Sparks, R.E., Mason, N.S., Finley, T.C., Scharp, D.W. - Development, testing and 
modeling of an islet transplantation chamber, ASAIO Meetings, Chicago, April, 1982 

21. Long, J.A., Adair, W.S., Scharp, D.W. - Hybridoma production against pancreatic cells. 
Diabetes 31 (2) :20A, 1982 

22. Scharp, D.W., Hirshberg, G., Long, J. A. - The effect of islet dosage and time on rat portal 
vein isografts. Diabetes 31(2):162A, 1982 

23. Scharp, D.W., Lacy, P.E. - The isolation and alteration of islet tissue for transplantation. 
The Tissue Culture Association Meeting, San Diego, June, 1982. In Vitro Suppl. 1, 1982 

24. Long, J.A., Adair, W.S., Scharp, D.W. - An immunological approach to islet cell 
purification. J. Cell Biol. 95:4061, 1982 



Sparks, R.E. Mason, N.S., Finley, T.C., Scharp, D.W. - Design of islet transplantation 
chambers giving a normal glucose tolerance test, IS AO Meetings, Kyoto, Japan, 
November, 1983 

Sparks, R.E., Mason, N.E., Finley, T.C., Scharp, D.W. - Islet transplantation chamber 
models - assumption for insulin generation and glucose diffusion. International 
Symposium on Organ Transplantation in Diabetes, The Netherlands, September, 1983 

Sparks, R.E., Mason, N.S., Scharp, D.W. - Some present directions in research on tissue 
transplantation chambers. International Conference on Artificial Organs, Glasgow, 
Scotland, September, 1983 

Sparks, R.E., Mason, N.S., Finley, T.C., Scharp, D.W. - "A distributed source-model for 
hybrid artificial p^dfeas", presented by AS AID," Toronto, Ontario, Canada/April; 1983 

Scharp, D.W., Feldmeier, M.M., Olack, B.J., Swanson, C.J., O'Shaughnessey, S.F. - 
Electrophoretic purification of islet cells for transplantation. Diabetes 33(1): 179A, 1984 

Scharp, D.W., Rajotte, R.V., Kneteman, N.M., Lacy P.E. - Zero gravity electrophoresis of 
islet cells. 10 th International Congress of the Transplantation Society Meeting, 
Minneapolis, August, 1984 

Scharp, D.W., Lacy, P.E. - Human islet isolation and transplantation. Diabetes 34(1):5A, 
1985 

Kneteman, N.M., Alderson, D., Scharp, D.W. - Canine pancreatic islet 
allotransplantation: dose adjusted cyclosporine A vs azathioprine - steroid, Diabetes 
34(1):62A, 1986 

* » 

Alderson, D., Kneteman, N.M., Scharp, D.W. - The isolation of purified human islets of 
Langerhans. Diabetes 34(1):81A, 1986 

Corlett, M.P., Fonseca, P., Scharp, D.W, - Detrimental effect of warm ischemia on* islet 
isolation in rats and dogs with protection by oxygen free radical scavengers. Diabetes 
36(1):223A, 1987 

Scharp, D. W., Lacy, P.E., Finke, E.H., Olack, B.J. - Seven day culture of Ficoll purified 
human islets. Diabetes 36(1):222A, 1987 

Corlett, M.P., Scharp, D.W. - Effect of warm ischemia on islet isolation in rats and dogs, 
the Association for Academic Surgery, Orlando, Florida, November 1 -4, 1 987 

Misler, S., Gee, W., Scharp, D., Manchester, J., Falke, L. - Metabolically regulated 
potassium channels in human islet cells. Diabetes 37(1):6A, 1988 
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38. Atkinson, MA., Maclaren, N.K., Riley, WJ., Scharp, D.W-, and Holmes, L. - M r 64,000 
autoantibodies (64KA) predict insulin dependent diabetes QDD)> Diabetes 37(1):98A, 
1988 

39. Scharp, D.W., Lacy P.E., Ricordi, C, Boyle, P., Santiago, LV f , Gingerich, R.L., 
Anderson, C.B., Flye, M.W. - Human islet transplantation in patients with Type I 
diabetes. Presented at XII International Congress of the Transplantation sloqiety, Sydney, 
Australia, August 14-19, 1988 

40. Riley, W.J., Maclaren, N.K., Atkinson, M.A., Schaip, D.W., Lacy, P.E. - Islet 
autoantibodies in "prediabetes'*. Ninth International Workshop on the Immunology of 
Diabetes, Satellite Symposium on Beta Cell Destruction and Restoration in Type I 
Diabetes. November 27-29, Sydney, Australia, 1988 

41. Atkinson, M.A., Maclaren, N.K., Riley, WJ., Scharp, D.W., Holmes, L. - The natural 
history and predictive value of M r 64,000 islet cell antigen. Ninth International 
Workshop on the Immunology of Diabetes, Satellite Symposium of the International 

* Diabetes Federation, Melbourne, Australia, 1988 

42. Scharp, D.W., Chem, H.T., McCullough, C.S., Gingerich, R.L. - Lack of glucose induced 
insulin responsiveness in canine islets. 49 th Annual Meeting of the American Diabetes 
Association, Detroit, Michigan, June 3-6, 1991. Diabetes 38(1):209A, 1989 

* 

43. Chern, H.T., Scharp, D.W., McCullough, C.S. - Cryogenic storage of purified canine 
islets. 49 th Annual Meeting of the American Diabetes Association, Detroit, Michigan, 
June 3-6, 1989. Diabetes 38(1):246A, 1989 

44. Cailery, M.P., Ricordi, C, Scharp, D.W., Kamei, T., Lacy, P.E., Flye, M.W. - Hepatic 
insufficiency following portacaval shunting is prevented by prior intraportal pancreatic 
islet autotransplantation. The Society of University Surgeons, Baltimore, Maryland, 1989 

45. Scharp, D.W., Corlett, M.P., Ricordi, C, Lacy, P.E. - Microbial contamination risk in 
human islet isolation! Study Group of the European Association for the study of 
Diabetes, Igls, Austria, 1989 - 

* » 

46. Ricordi, C, Lacy, P.E., Socci, C, Finke, E.H. Dye, E., Olack, B.J., Swanson, C, Schaip, 
D.W. - Pancreatic islet isolation in mammals: Developments of the automated method. 
Study Group of the European Association for the Study of Diabetes, Igls, Austria, 1989 

47. Cailery, M.P., Kamei, T., Flye, M.W., Schaip, D.W. - Intrahepatic islet autografts in dogs 
function despite completely diverting portacaval shunt (PCS). Second , International 
Congress on Pancreatic and Islet Transplantation, Minneapolis, Minnesota, 1989 
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48. McCullough, C, Chern, H.T., Scharp, D.W., Swanson, C.J., Olack, B.J., Davis, C.G. - 
Influence of transplant site on efficiency of canine islet cell auto-transplantation. Second 
International Congress on Pancreatic and Islet Transplantation, Minneapolis, Minnesota, 
1989 

49. Scharp, D.W. - islet Preservation - Short term for quality control testing. Presented at 
The Third International Conference on The Use of Human Cells, Tissues and Organs in 
Research. Washington, D.C., September 17-18, 1998 

50. Falqui, L., Kowalski, L., Bittner, P., Olack, B. J., Scharp, D.W,, Lacy, P.E. - 
Immunosuppressive regimens to prolong survival of islet xenografts transplanted across a 
wide species barrier (dog to mouse). Ninth Workshop of the AJDSPIT Study Group, Igls, 
Austria, January, 1990 

* 

51. Scharp, D.W., Lacy, P.E., Santiago, J.V., Boyle, P. J., Weide, L, Falqui, L., Marchetti, P, 
Gingerich, R.L., Cryer, P.E., Jaffe, A.S., McCullough, C.S., Anderson, C.B., Flye, M.W. 
- A clinical trial of islet transplantation. Ninth Workshop of the AEDSPIT Study Group, 
Igls, Austria, January, 1990 

52. Marchetti, P., Falqui, L., Scharp, D.W., Lacy, P.E. - An improved method for large scale 
isolation of pure, viable islets of Langerhans from the adult porcine pancreas. Ninth 
Workshop of the AIDSPIT Study Group, Igls, Austria, January 1990 

53. Scharp, D.W., Lacy, P.E., Santiago, J.V., McCullough, C.S., Weide, L.G., Falqui, L., 
Marchetti, P. Gingerich, R.L., Cryer, P.E., Jaffe, A.S., Anderson, C.B., Flye, M.W. - 
Preliminary results of clinical trials of human islet transplants, . America^ Society of 
Transplant Surgeons 16 th Annual Scientific Meeting, Chicago, Illinois, May 30- June 1, 
1990 

54. Marchetti, P., Schaip, D.W., Finke, E.H. - The isolation, function and xenotransplantation 
of porcine islets of Langerhans (PEL). 50 th Annual Meeting of the American Diabetes 
Association, Atlanta, Georgia, June 16-19, 1990 

55. . . _ Scharp, D.W., Lacy, P.E., McCullough, C.S., Weide, L., Boyle, P., Santiago, J. V., 
Gingerich, R., Cryer, P., Anderson, C.B., Flye, M.W. - Intraportal human islet transplants. 
XIII International Congress of The Transplantation Society, San Francisco, California, 
August 19-24, 1990 

56. Finke, E.H., Marchetti, P., Swanson, C. J., Falqui, L., Lacy, P,E., Schaip, D.W. - Large 
scale isolation, function and transplantation of islets of Langerhans. XIII International 
Congress of the Transplantation Society, San Francisco, California, August 19-24, 1990 
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Non-Obese Diabetic (NOD) Moi^&AC Library Released by Wellcome ^Qfst Sanger In... Page 1 of 1 
Nan-Obese Diabetic (NOD) Mouse BAC Library 

The Wellcome Trust Sanger Institute (Cambridge, United Kingdom) recently released to the scientific 
community a Non-Obese Diabetic (NOD) mouse BAC library containing 240,000 clones obtained from 
the Diabetes and Inflammation Laboratory (Cambridge, United Kingdom). 

The NOD mouse, which spontaneously develops type 1 diabetes, is a valuable animal model that is used 
extensively, in research exploring the etiology * prevention, arid treatment of this disease. It is a vital 
research tool for testing promising prevention and treatment strategies at the preclinical level. . 

The Sanger Institute sequenced the complete NOD BAC library and used this resource to complete a 
physical map of the BAC clones. As a next step, they plan to sequence the 200,000 clones from the 
Pieter de Jong library (Children's Hospital, Oakland CA). These sequences will be aligned with those 
frorn the most recent version of the normal C57B1/6 (B6) mouse strain (a non-diabetic mouse strain) in 
an effort to identify single nucleotide differences between NOD mouse, clone end sequences and the B6 
mouse genome. Investigators at the Sanger institute will use this sequencing information to identify and 
map candidate genes. Such information will guide efforts to isolate genes that contribute to the 
development of type 1 diabetes in humans. 

This research was conducted as part of the Immune Tolerance Network , which is jointly funded by the 
National Institute of Allergy and Infectious Diseases, the National Institute of Diabetes, Digestive, and 
Kidney Disorders (both part of the National Institutes of Health) and the Juvenile Diabetes Research 
Foundation. 
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Development of new strategies to prevent type 1 
diabetes: the role of animal models 

Arno Hdnninen , Emma Hamilton-Williams and Christian Kurts ' 



Type 1 diabetes is an immune-mediated disease typically 
preceded by a long preclinical stage during which a growing 
number of islet-cell-specific autoantibodies appear in the 
serum. Although antigen-specific T lymphocytes and 
cytokines rather than these autoantibodies are the likely 
executors of p-cell-destruction, these autoantibodies 
reflect the existence of autoimmunity that targets islet p- 
cells. Abrogation of this autoimmunity during the pre- 
clinical stage would be the key to the prevention of type 1 
diabetes. However, the quest of protecting islet-cells from 
the immune attack requires detailed knowledge of mech- 
anisms that control islet-inflammation and p-cell-destruc- 
tion. and of mechanisms that control immune tolerance to 
peripheral self-antigens in general. This knowledge can only 
be obtained through further innovative research in experi- 
mental animal models. In this review, we will first examine 
how research in non-obese diabetic mice has already led to 
promising new strategies of diabetes prevention now being 
tested in human clinical trials. Thereafter, we will discuss 
how recent advances in understanding the mechanisms that 
control immune response to peripheral self-antigens such as 
P-cell antigens may help to develop even more selective and 
effective strategies to prevent diabetes in the future. 

Keywords: antigen-presentation; dendritic cells; disease prevention; 
immunological tolerance; non-obese diabetic mice; T-rymphocytes; transgenic 
animal models; type 1 diabetes 
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Introduction 

Type 1 diabetes (T1DM) is the clinical manifestation 
of the loss of insulin production in the endocrine 
pancreas. This is caused by immune- mediated 
destruction of islet P-cells. T1DM is believed to be 
an autoimmune disease, based on several lines of 
evidence (1-9). Although an infective (e.g., viral) or 
other environmental (e.g., dietary) agent may well be 
involved in the initiation of the immune attack 
towards islet p-cells (10,11), it is clear that the 
(auto)immune attack itself is a key element in disease 
pathogenesis (12). 

Immune responses against various islet-antigens 
appear even years before the clinical manifestation of 
T1DM, and precede the phase when sensitive meta- 
bolic tests first reveal attenuation in the function of p- 
cells (13). A number of islet-antigens are targeted by 
the immune system in T1DM, and cellular and/or 
humoral immune responses are detected against 
insulin, glutamic acid decarboxylase-65 (GAD 65), 
tyrosine phosphatase IA-2 and heat shock protein 60 
(hsp 60) (14-16). Studies on pancreas samples 
obtained shortly after onset of clinical disease (as 
biopsies or as autopsy material following fatal 
ketoacidosis) have revealed the existence of cellular 
infiltrates in islets consisting of lymphocytes and 
antigen-presenting cells (APC), reflecting the immune 
attack and selective destruction of insulin-producing 
p-cells (4-6). Although studies in humans have been 
essential in the characterization of the disease process 
and its target antigens, development of novel thera- 
peutic strategies requires studies also in experimental 
animal models. 

The non-obese, diabetic (NOD) mouse is the most 
widely used animal* mode^of^TlDM (17). This iribred 
mouse strain is unique in that it spontaneously 
develops autoimmune diabetes at high incidence. 
Almovigh lNQS mice harbour certain unique defects 
in their immune systero^such as lack .of the murine 
horiiolog of humaL.leuk<0ef te^a^ 
and complement component C5 (19)) and have a 
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Abbreviations and acronyms 


APC 


antigen-presenting cell 


CTLA-4 


cytotoxic T-lymphocyte antigen-4 


DC 


dendritic cells 


GAD65 


glutamic acid decarboxylase-65 


GM-CSF 


granulocyte-macrophage 




colony-stimulating factor 


HLA 


human leukocyte antigen 


IA-2 


islet-associated-2 (tyrosine phosphatase, 




an autoantigen) 


IL 


interleukin 


IFN 


interferon 


hsp 60 


heat shock protein 60 


LCMV 


lymphocytic choriomeningitis virus 


MHC 


major histocompatibility complex 


NKT 


natural killer cell-like T cell 


NOD 


non-obese diabetic mouse 


OT-I T cell 


OVA-specific CD8 T cell 


OVA 


ovalbumin 


rU-Ll 


progrannrneo otJain nydnu i 


RANK 


receptor for activation of NFkB 


RIP 


rat insulin promoter 


TGF 


transforming growth factor 


T1DM 


type 1 diabetes mellitus 


TCR 


T cell receptor 


TNF 


tumour necrosis factor 


TRAIL 


TNF-related apoptbsis inducing ligand 


TRANCE 


TNF-related activation induced cytokine 


Treg 


regulatory T cell 



strong gender bias in diabetes incidence towards 
.female preponderance (20) , many of the important 
determinants are strikingly similar, including homo- 
logous susceptibility genes, major autoantigens, exis- 
tence df irisulitis arMllie! aBil i ty of bdrie-n^rrbw eel Is 
to transmit diabetes between individuals (21, 22). 

Irt this review, we will first describe how research in 
nohrbbese diabetic mice has led to the- discovery of 
new strategies of diabetes prevention that are now in 
human clinical trials. Thereafter, we will focus on 
work in transgenic animal models of islet-autoimmu- 
nity and discuss how immune tolerance towards 
sequestered self-antigens such as p-cell antigens is 
maintained, and how the tolerant state can change 
into a pathogenic immune response. Emphasis will be 
given to work elucidating the cellular and molecular 
basis of this balance and on therapeutic approaches 
that aim at posing this balance away from patholo- 
gical autoimmunity. 



The NOD mouse a platform for testing 
existing immunomodulatory agents in the 
prevention of spontaneous autoimmune 
diabetes 

Application of modern methods in molecular and cell 
biology to research on the mammalian immune system 
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Key messages 

• Type 1 diabetes 0*1 DM) is the clinical man^ 
ifestation of immune-mediated destruction of 
insulin-producing p-cells which cannot be pre- 
vented yet. 

• Most of the current clinical trials aiming at 
T1DM prevention are based on strategies devel- 
oped in animal models. 

• Research with these animal models has 
recently generated essential information 
regarding the cellular and molecular mechan- 
isms regulating immune response to p-cells that 
can be used in the development of novel 
prevention strategies. 



has allowed numerous receptor-ligand pairs and 
intracellular signalling pathways that regulate the 
function of lymphocytes and antigen-presenting cells 
to be identified. Through this research, an increasing 
number of antibodies and other reagents have become 
available for selective blockade or mimicking of the 
function of a specified molecule with a regulatory 
function. The NOD mouse is ideal for testing the effect 
on diabetes incidence of such agents. Thus, it forms a 
platform for identification and validation of potential 
drug targets and drugs in diabetes prevention. 

In fact, surprisingly many different manoeuvres 
(over a hundred or so) have been reported to delay or 
diminish diabetes incidence in NOD mice (17). Many 
of these lack direct relevance for prevention of T1DM 
in humans simply because of their experimental 
nature. However, several potentially relevant 
approaches have been identified (Table 1 and refer- 
ences therein). As will be discussed later, some of the 
earliest human trials based on these approaches have 
now given negative outcomes that could reflect 
differences between T1DM in humans and the corre- 
sponding syndrome in NOD mice. I^pw^ver^rjestjdts 
of other trials are more consistent 'With;th6sc obtained 
in NOD mice and support the idea that the NOD 
model can be used as a platform for testing various 
prevention protocols. Protocols applied in the NOD 
model have been based firstly on blocking the 
activation or function of T-lymphocytes or their 
subtypes and hence, of pathogenic effector cells, or 
their migration into pancreatic islets. Secondly, they 
have been based on administration of autoantigens in 
forms and schedules that are anticipated to enhance 
regulation of specific immune responses. Thirdly, 
numerous antigen-non-specific substances with 
immunomodulatory effects, or possible protective 
effect on p-cells have been applied with often 
favourable outcomes. 
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It is conceivable that targeting a subtype of T- 
lymphocytes or a costimulatory pathway will affect 
the immune system also on a general level and induce 
various side effects. Therefore, there has long been a 
quest to develop strategies that selectively target the 
immune effector cells or locally inhibit tissue destruc- 
tion. Accordingly, autoantigens (pro)insulin, GAD65 
and hsp-60 or their peptides have been administered 
without immune adjuvants and/or via tolerogenic 
routes, especially intravenously or via mucosal 
surfaces (orally, intranasally or inhaled as aerosol). 
Results of these experiments have been promising 
(Table 1 and references therein) and have already led 
to human clinical trials, as detailed below. Unfortu- 
nately, initial results of these trials have been less 
encouraging (see below). According to animal experi- 
ments, oral and intranasal administration of antigen 
can also lead to induction of cytotoxic T-cell 
immunity (53-55) that may counteract its tolerance- 
promoting effects. This might need more attention in 
current trials where autoantigens are administered via 
mucosal routes. In animal models, a promising new 
strategy to induce regulatory immunity and protec- 
tion from autoimmune diseases including diabetes is 



genetic (that is, DNA) vaccination with plasmids that 
encode an autoantigen (56). This strategy will be 
discussed later in this review. 



Cur^t^liriic^l tH^is basiBd on strategies 
developed in NOD mice 

Strategies employed currently in clinical trials to 
pr&itiht&itSM- include <,the : u$e. of autoantigens in a 

tolera lgSi^ 

with antib%8f V^o^etftiii^ 

of i|||gmj^^ stimula- 
tion' or Regulatory' cell ^£yp&V;';M^ 
triajs^w^ on 
strategies' ^i^d'6|^''--ih.\tht..]N^P' mouse. We will 



Anti-CD3 monoclonal antibody 

hOKT3yl[Ala-Ala] is a humanized non-activating 
anti-CD3 antibody engineered to lack Fc-Receptor 
binding domains (57). Preclinical studies in the NOD 
mouse showed that antibody treatment could effec- 



Table 1. Examples of protocols that prevent diabetes in NOD mice and have a relevant target mechanism 







Antigen 




Protocol 


Mechanism of action 


specificity 


Reference 


Treatment with an antibody against: 






CD3 


Depletion or inactivation of islet-infiltrating T cells/induction of 
regulatory immunity 


no 


(23, 24) 


CD4/CD8 


Depletion/inactivation of CD4 or CD8 T cells 


no 


(25) 


TCR 


Depletion/inactivation of T ceils 


no 


(26) 


CD86(B7.2) 


interference with T cell activation 


no 


(27) 


CD45RB 


Interference with T cell activation 


no 


(28) 


CD40L 


Interference with T cell activation 


no 


(29) 


VLA-4 (a4-integrin) 


Prevention of lymphocyte accumulation in islets and/or activation of 
diabetogenic T cells 


no 


(30,31) 


MAdCAM-1 


Prevention of lymphocyte accumulation in islets and/or activation of 
diabetogenic T cells 


no 


(32) 


ICAM-1/LFA-1 


Prevention of lymphocyte accumulation in islets and/or activation of 
diabetogenic T cells 


no 


(33) 


Treatment with: 








adjuvant (IFA) 


immune deviation 


no 


(34) 


vitamin D3 deriv. 


immune deviation 


no 


(35) 


ccGal-ceramide 


activation of regulatory NK T cells 


no 


(36) 


interleukin 4 


immune deviation/regulatory cells 


no 


(37) 


interleukin-10 


•immune deviation/regulatory cells 


no 


(38, 39) 


nicotinamide • 


protection of target p-cells against NO 


no 


(40) 


subcutaneous insulin 


Inactivation of pathogenic T cells 


yes 


(41.42) 


oral, intranasal or aerosol insulin 


Induction of regulatory T cells/inactivation of pathogenic T cells 


yes 


(43-46) 


insulin-encoding DNA-plasmid 


Induction of regulatory T cells/inactivation of pathogenic T cells 


yes 


(47) 


intranasal GAD peptides 


Induction of regulatory T cells/inactivation of pathogenic T cells 


yes 


(48) 


GAD-encoding DNA-plasmid 


Induction of regulatory T cells/inactivation of pathogenic T cells 


yes 


(49, 50) 


intrathymic GAD 


Deletion of GAD-specific T cells from the pool of circulating mature 


yes 


(51) 


T cells 






HSP 60 


Inactivation of pathogenic T cells 


yes 


(52) 


p277 of HSP 60 


Inactivation of pathogenic T cells 


■ yes 


(52) 
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Evidence from 






Trial 


Principle/hypothesis 


NOD mice 


Status 


Results 


hOKT-3v1 


Inactivation of T cells. Induction of regulatory immunity 


yes 


Phase l-ll 


+ 


d277 of HSP-60 


Induction of tolerance towards one autoantigen 


yes 


Phase 1 


+ 


insulin I v. and s.c. b 


Induction of tolerance towards one autoantigen 


yes 


Phase It 


— 


insulin s.c. In adjuvant (IFA) C 


Induction of tolerance towards one autoantigen 


yes 


Phase 11 


N.A. 


insulin via oral route 


Induction of tolerance towards one autoantigen 


yes 


Phase II 


N.A. 


insulin via intranasal route 


Induction of tolerance towards one autoantigen 


yes 


Phase III 


N.A. 


GAD 65 s.c. 


Induction of tolerance towards one autoantigen 


yes 


Phase II 


N.A. 


nicotinamide via oral route 


Protection of islet fhcells 


yes 


Phase III 




IFN-oc 


Modulation of immune response 


yes 


Phase II 


N.A. 


Lactobacillus via oral route 


Stimulation of regulatory NK-T cells 


yes 


Phase II 


N.A. 


Apf* of insulin B-chain 


Induction of tolerance to insulin 


yes 


Phase II 


N.A. 


Vitamin D3 derivative 


Modulation of immune response 


yes 


Phase II 


N.A. 


Exclusion of bovine proteins 


Avoidance of early immune response towards putative 


not directly 


Phase 111 


N.A. 


from diet in infancy 


'mimics' of autoantigens and/or sensitization of 
immature gut to foreign proteins 









a Results: + positive, - negative results; N.A. results not available yet; b i.v! = intravenous administration; s.c. subcutaneous 
administration; c IFA = incomplete Freund's adjuvant; d >4p/= altered peptide ligand. 




Strategies to prevent T1DM 
Table 2. Currently ongoing clinical trials to prevent diabetes. 



tively 'cure' diabetic mice, restoring normoglycemia 
(24) or prevent disease development in pre-diabetic 
mice (58,59). The antibody appears to bind to all 
CD3 expressing T-cells resulting in partial T cell 
receptor (TCR) signalling, which then has different 
outcomes depending on the cell type triggered. The 
overall outcome being killing or anergy induction in 
Thl type cells (producing interIeukin-2 or interferon- 
y) and stimulation of Th2 type cells (cells producing 
interleukin-4 or interleukin-10) (60,61). In an inter- 
vention trial, a 14 day course of intravenous hOKT3- 
yl [Ala-Ala]) was used in recent onset (within 6 
weeks) T1DM patients and followed for one year. 
Treatment resulted in sustained or improved C- 
peptide responses in 9 out of 12 treated patients 
compared with a sustained response in only 2 out of 
12 control patients. Treated patients also needed 
significantly less insulin over the year following 
diagnosis. A transient depletion (36%) of lympho- 
cytes followed antibody treatment, which later 
returned to normal levels. Responding patients had 
a decreased ratio of CD4:CD8 T cells after repopula- 
tion. Mild side effects included anti-idiotype anti- 
bodies, mild fever and an eczematous dermatitis-like 
rash. This trial is now being expanded to a multi- 
centre phase II trial involving about 80 patients after 
these promising results. Further details are available 
at http://www.immunetolerance.org/research/ 
autoimmune/trials/heroldl.html 

Hsp-60 peptide p277 

One of the many self antigens, which are reacted 
against in T1DM, is heat shock protein 60. NOD 
mice contain autoreactive T cells specific for peptide 
277 derived from this protein and immunisation of 
adult NOD mice with this peptide could prevent and 



occasionally revert diabetes (52). The mechanism of 
action is believed to be stimulation of Th2 type hsp60- 
reactive T cells resulting in a change in the cytokine 
milieu away from inflammatory cytokines (62). 
DiaPep277 is the human form of this peptide, which 
has been modified at two residues to increase stability 
in vivo (63). In a randomised double blind phase II 
trial DiaPep277 was injected subcutaneously in 
mannitol and vegetable oil at 0, 1 and 6 months 
following entry into the trial (63). Adult male patients 
were on average 12-15 weeks post-diagnosis and were 
followed for only 10 months. At the end of the study 
mean C-peptide levels had been maintained in treated 
patients whereas they had fallen in controls. Insulin 
requirements were also significantly lower at 10 
months. Further phase II and phase III trials are 
now beginning based on these suggestive results. 

Subcutaneous insulin therapy 

Insulin has long been viewed as a primary target for 
tolerisation therapy in T1DM. It was shown that 
incidence of diabetes was significantly reduced in 
NOD mice given a low dose of prophylactic insulin 
from weaning until 180 days of age (41). Similar 
findings were also observed in the BioBreed rat, 
another animal model of T1DM (64). This phenom- 
enon was believed to be due to 'beta-cell rest* in which 
there was a lower requirement for insulin secretion by 
the beta cells and less release of islet autoantigens 
associated with insulin secretion. These findings 
paved the way to the establishment of the Diabetes 
prevention trial (DPT-1) in which either subcuta- 
neous or oral insulin was given to high risk relatives 
of T1DM patients. In the subcutaneous branch of the 
trial 84,228 relatives were assessed immunologically, 
metabolically and genetically for risk of disease 
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development over 5 years (DPT-T1D study group 
2002). A group of 169 high risk (>50% over 5 years) 
relatives then underwent intervention of daily s.c. 
insulin injections and 170 controls received no 
treatment. The incidence of diabetes after 5 years 
was identical in both groups (69 versus 70 diabetic 
subjects). The reason for the negative outcome in the 
DPT-1 trial compared with the positive results in 
animal models and a pilot trial in humans (65) is 
unknown. It may be due to the dosage protocol or the 
difference in time of intervention. In mice, therapy 
began at a young age before the development of 
insulitis whereas relatives were selected on the basis 
of showing signs of autoimmunity (presence of islet 
autoantibodies) already. 

Mucosal insulin 

The second part of the DPT-1 trial is ongoing and 
used the 'intermediate* risk (25%-50% risk of 
developing T1DM over 5 years) relatives of T1DM 
patients. Patients receive continuous oral insulin or 
placebo and are being followed for 6 years for 
diabetes development. This intervention was not 
predicted to prevent diabetes by 'beta-cell rest* as 
subcutaneous insulin was but rather through active 
J tolerisation upon antigen uptake at a mucosal surface 
(66). In NOD mice, an active (transferable), form of 
tolerance can be induced by feeding mice insulin but it 
is highly dose-dependent (43, 44). Therefore it is likely 
that in transferring this therapy to the human 
situation the dosage protocol will be critical. 

A second major trial, the diabetes prediction and 
prevention project (DIPP), also seeks to tolerise 
individuals predicted to have a high risk of progres- 
sion to T1DM by mucosal insulin administration. In 
this study babies are screened at birth for genetic HLA 
markers predisposing them to T1DM and then 
undergo immunological follow up. At risk children 
are then enrolled in a prevention trial to test 
intranasal insulin versus placebo for its ability to 
prevent or delay disease onset over three years. 
Aerosol insulin and intranasal insulin peptide admin- 
istration have both been shown to be efficacious in 
prevention of diabetes in the NOD model (45,46), 
although intranasal antigen administration has also 
been shown to induce potent cytotoxic T-cell immu- 
nity (67). For further details, see http://www.utu.fi/ 
research/dipp/engdexx.htm 

Subcutaneous insulin B chain in IF A 

Another trial also attempts to induce tolerance to the 
metabolically inactive B chain of insulin by subcuta- 
neous injection in Incomplete Freunds Adjuvant 
(IFA). In the NOD mouse, subcutaneous insulin or 
insulin B-chain given in IFA generated a transferable 



suppressive effect (42). In this study patients with 
insulin autoantibodies receive one injection within 
one month of diagnosis of T1DM and will be 
followed for two years. For further details, see 
http://www.immunetolerance.org/research/autoim 
mune/trials/orbanl.html 

Subcutaneous GAD65 in alum 

An important early autoantigen in diabetes in both 
the NOD mouse and humans is GAD65 (51). A phase 
II trial will test the ability of recombinant GAD65 in 
alum to halt disease progression in recent onset 
patients. The vaccine called Diamyd will be injected 
subcutaneously two times four weeks apart in a 
range of doses. For further details, see http://www. 
diamyd.com/docs/research.html 

Nicotinamide 

A different approach, which is not antigen specific, 
attempts to use high doses of the B-vitamin nicotina- 
mide to prevent or delay T1DM onset. Nicotinamide 
acts on the islet beta cells themselves making them 
more resistant to autoimmune attack. Nicotinamide, 
is thought to primarily target the enzyme poly(ADP- 
ribose) polymerase (PARP) which is upregulated early 
after exposure to nitric oxide or reactive oxygen 
intermediates. Such exposure causes depletion of 
intracellular nicotinamide adenine dinucleotide 
(NAD + ) and results in death of sensitive cell types 
such as beta cells (68). Early nicotinamide treatment 
of NOD mice prevented diabetes partially and 
reduced insulitis severity (40). The results of initial 
clinical trials (69-71) have been controversial, since, 
while Chase et al. reported no effect of oral admin- 
istration of nicotinamide, both Mendola and colla- 
borators and Pozzilli et al. observed an increased 
stimulated C-peptide secretion in postpubertal 
patients on nicotinamide. 

Nicotinamide has also been used in prevention 
trials with relatives of T1DM patients. One German 
study of 25 nicotinamide treated and 30 placebo 
control subjects showed no effect on disease progres- 
sion (72). However, a larger study in New Zealand 
involving schoolchildren who had islet-cell autoanti- 
bodes obtained results that suggested a protective 
effect (73). The European nicotinamide diabetes 
intervention trial (ENDIT) is a larger clinical trial 
involving 552 high-risk relatives taking daily oral 
nicotinamide or placebo. For further details and for 
the recently disclosed negative results of this trial, see 
http://www.bris.ac.uk/Depts/DivMed/endit.html 

Interferons 

One successful strategy to prevent disease in the NOD 



© 2003 Taylor & Francis. ISSN 078S-3890 



Annals of Medicine 35 



Strategies to prevent T1DM 



551 



mouse involves altering the cytokine milieu to an anti- 
inflammatory, i.e., interleukin (IL)^4 and IL-10 con- 
taining environment. This has been done by injection 
of these cytokines, transgenic expression or by 
stimulation of cells which can produce them endogen- 
ously. Brod and co-workers have fed NOD mice with 
interferon-a, which suppressed diabetes and stimu- 
lated mitogen induced IL-4, IL-10 and interferon 
(IFN)-y production in splenocytes (74). This was then 
mailed in 10 newly diagnosed T1DM patients 
resulting in preserved beta-cell function in 8 of these 
patients after 12 months (75). This study has now 
been expanded to a larger phase II trial involving 120 
newly diagnosed patients taking oral IFN-ot daily. It is 
unclear however what the exact mechanism of this 
therapy is, as interferon administered orally does not 
appear to be adsorbed into the bloodstream (76). 
Additionally, the presence of transgenically expressed 
IFN-a in the islet beta cells themselves actually 
precipitates diabetes (77). As such it is possible that 
interferon-a acts on lymphocytes in the gut, which 
then circulate to have a wider regulatory effect. 

Oral administration of lactobacillus 

Another study also attempts to modulate the immune 
response via the gut. Maclaren and co-workers are 
conducting a trial of oral lactobacillus in recently 
diagnosed T1DM patients. They propose that this 
will stimulate natural killer cell-like T (NKT) cell 
activity as administration of lactobacillus plantarum 
to children with HIV boosted this cell-subset (78). 
NKT cells are a regulatory-cell subset which have 
been reported to be deficient in T1DM patients (79, 
80) although a more recent study utilising a more 
direct tetramer based method of identifying NKT 
cells refutes this claim (81). In the NOD mouse both 
transfer of this cell subset or injection of a glycolipid 
ligand to activate existing NKT cells can prevent 
diabetes (36,82,83). Lactobacillus casei feeding to 
NOD mice prevents disease (84) and various lacto- 
bacilli strains have been shown to be strong stimula- 
tors of IL-12 and IL-10 (85). However, strong 
evidence of lactobacillus stimulation of NKT cells 
has yet to be demonstrated. 

Altered peptide ligand NBI-6024 

An interesting antigen specific therapy involves the 
identification of peptides with similar sequences to 
immunodominant epitopes, which have modulatory 
activity. In the NOD mouse peptide 9-23 of the insulin 
B chain is recognised by a large proportion of 
pathogenic CD4 T-cells derived from the insulitic 
infiltrate (86-88). Alleva and colleagues searched 
for peptide analogues of B (9 . 23) which could inhibit 
B( 9 .23) specific T-cell responses and used one of these, 



NBI-6024, to test its therapeutic effect in the NOD 
mouse (89). Therapeutic altered peptide ligands are 
thought to function as competitive inhibitors of the 
native peptide by having a high binding affinity for 
MHC while concurrently engaging the TCR in a non- 
productive manner (90). They have also been shown 
to be effective in stimulating regulatory cell subsets, 
which can transfer protection between animals (91). 
The altered peptide ligand NBI-6024 is now being 
used in a large phase II study in which new onset 
T1DM patients will receive monthly injections of this 
medication at three different doses for two years. 

1^25'Dihydroxy-Vitamin D3 

The activated form of vitamin D3, 1,25-Dihydroxy- 
Vitamin D3, has been shown to act directly on the 
immune system via specific receptors on APCs and 
activated T cells (92). Its effects are immunosuppres- 
sive and include inhibition of IL-2 and IL-12 produc- 
tion and Thl-type responses (93). Importantly 1,25- 
Dihydroxy- Vitamin D3 has been shown to inhibit 
dendritic cell maturation, both in vitro and in vivo 
(94,95). Administration of an analogue of 1,25- 
Dihydroxy- Vitamin D3 to NOD mice significantly 
reduced the incidence of diabetes (96) and enhanced 
the number of CD4 + CD25 + cells of regulatory 
phenotype in the pancreatic lymph node (97). 1,25- 
Dihydroxy-Vitamin D3 administered daily for 9 
months in recently diagnosed T1DM patents is being 
tri ailed in a German study. For further details on this 
trial see http://www.roche.com/pages/downloads/ 
science/pdf/rtdcmannh02-3.pdf 

Withdrawal of cow's milk proteins from diet during 
infancy 

According to one hypothesis (not directly derived 
from findings in NOD mice), exposure of the 
immature digestive tract in infancy to casein or other 
proteins in cow's milk formula or soy-based formula 
has a role in the early pathogenesis of type 1 diabetes. 
A casein-free diet has been tested in the NOD mouse 
after weaning and was shown to be effective in 
preventing diabetes (98), Although contradictory 
results were achieved from previous studies in 
humans evaluating whether introduction of formula 
during infancy is associated with the development of 
type 1 diabetes later in life (99, 100), a larger phase III 
clinical trial called TRIGR (Trial to Reduce IDDM in 
the Genetically at Risk) has been initiated to test if the 
hypothesis holds true or not. Infants that are 
determined to have a high risk of developing type 1 
diabetes are eligible. After weaning from breast- 
feeding, they will receive hydrolyzed formula that 
does not contain intact proteins, or standard cow's 
milk-based formula. Infants will have at least a two- 
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month exposure to the study formulae and then will 
be monitored for up to ten years. For further details, 
see http://www.trigr.org/about.htmI 

Transgenic mouse models in the study of T cell- 
mediated autoimmunity against pancreatic 
islets 

Investigations in humans with T1DM and studies 
performed in the NOD mouse model have clearly 
demonstrated the crucial role of autoreactive CD4 
helper and CD£ effector T cells in the pathogenesis of 
autoimmune diabetes (101). In NOD mice, numerous 
autoantigens are recognized by these T cells (see 
above). The relevance of these antigens for disease 
initiation and progression, and the mechanisms of 
their processing and presentation, however, are still 
unclear. Consequently, techniques and tools other 
than the NOD model had to be developed. The most 
valuable models were generated by genetically intro- 
ducing well characterized model antigens into islet-p- 
cells, under the assumption that such neoantigens will 
be handled like endogenous islet antigens by the 
immune system (102). Transgenic neoantigens, how- 
ever, are often aberrantly expressed in the thymus, 
resulting in the deletion of endogenous transgene- 
specific T cells. This problem could be overcome by 
intravenous injection of specific T cells, which are 
usually obtained from congenic T cell receptor - 
. transgenic mice. Since their antigen (the model 
autoantigen) is not expressed in the donor mice these 
T cells are not negatively selected in the thymus. 
Importantly, the absence of antigen during T cell 
development ensures a completely naive phenotype of 
the autoreactive T cells. This is crucial because it 
allowed, for the first time, investigation of the 
activation of T cells specific for a pancreatic self 
antigen in vivo (103). The other major advantage of 
adoptive transfer experiments is the ability to label 
the T cells with fluorescent dyes prior to injection, 
which allows them to be easily tracked in vivo. This 
technique can also reveal their activation and pro- 
liferation through analysis of cell division (104, 105). 
These innovations allowed many important aspects of 
T cell-mediated autoimmune responses to be 
addressed, including the site of activation of the 
autoreactive T ceils, the influence of their numbers, 
their fate and the type of antigen-presenting cell 
responsible. Although parameters such as T-cell 
affinity and epitope spreading and recruitment of 
other autoreactive T cell clones are not taken into 
account, this approach has added considerably to our 
knowledge of immune-mediated destruction of islet 
p-cells by allowing us to dissect the actions of relevant 
components and their interactions which finally result 
in disease (102). 



The approach described above has been particu- 
larly successful in elucidating the role and physiology 
of CD 8 T effector cells. As compared to CD4 T helper 
cells, CD8 T cells are difficult to maintain in vitro as 
T cell lines, mainly because of their cytotoxicity. They 
quickly destroy APCs in vitro, and thus deprive 
themselves of antigenic survival signals. Furthermore, 
the MHC class I molecules, which are recognized by 
CD 8 T cells, are expressed by nearly all murine cells, 
including T cells, so that CD8 T cells could 
potentially kill each other in vitro. These problems 
were overcome by generating naive, and therefore 
unarmed CD8 T cells in transgenic donor mice. Such 
T cells became cytotoxic only after transfer into 
recipient mice expressing antigen. Transgenic CD 8 T 
cells specific for certain MHC class I molecules were 
first generated (106). These T cells were introduced 
into transgenic mice expressing MHC I molecules 
under the influence of the rat insulin promoter (RIP) 
in pancreatic islet cells. This resulted in immune 
tolerance, unless the T cells were supplied with 
inflammatory mediators (107). These experiments 
demonstrated that autoreactive CD 8 T cells can in 
principle destroy p-cells and cause diabetes (102) 
although their specificity for antigenic peptide was 
unclear. Therefore, they did not allow investigation 
of the processing of islet antigens. This limitation was 
overcome in the next generation of CD 8 T cell 
transgenic systems. The first of these models, the 
RIP-mOVA model, expressed ovalbumin (OVA) as a 
model antigen in pancreatic islet cells. OVA-derived 
peptides could be detected with transgenic OVA- 
specific CD 8 and CD4 T cells derived from OT-I and 
OT-II mice, respectively (OT-I and OT-II refer to the 
transgenic OVA-specific T cells, called OT-I and OT- 
II cells, that are produced by these transgenic mice). 
These experimental systems demonstrated clearly 
that both naive CD4 and CD8 T cells with specificity 
for a pancreatic self antigen are activated by dendritic 
cells in the pancreatic lymph nodes, and not in the 
islets (108) (Fig 1). The DCs presumably took up p- 
cell antigens in the islets and carried them to the 
pancreatic lymph node for presentation to naive T 
cells. In the case of CD 8 T cells, these results 
demonstrated so-called cross-presentation, which 
denotes the presentation of extracellular antigens 
with MHC I molecules to CD 8 T cells. 

Since then, numerous observations of cross-pre- 
sentation and cross-priming in vivo have been 
described, not only of transgenic self-antigens in 
models like the RIP-mOVA or the hemagglutinin 
system (109), but also of tumour (110) and viral 
antigens (111, 112). Thus, the basic mechanisms of 
antigen presentation and T-cell activation in vivo that 
were uncovered in transgenic systems have been 
verified for many 'natural' antigens. This is not 
surprising, because indirect presentation of antigen 
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1 . DCs carry pancreatic antigen 
through afferent lymphatics 
to pancreatic LN 



4. Effector phase 
against pancreatic 
islet p cells 




2, Presentation to 
naive T cells; 
cross-presentation 
to CD8 T cells 



3. Release of acti- 
vated CD4 and 
CD8 T cells into 
bloodstream 

Figure 1. Antigen capture by dendritic cells in islets and their migration to the pancreatic lymph node for presentation of p-cell antigens to 
T lymphocytes. Antigen-presentation via both MHC II and MHC I pathways enables both CD4 and CD8 T cells to be activated. Activated T 
cells can enter non-lymphoid tissues such as pancreatic islets in search for antigen-expressing target cells (see text for details). 



to T cells - both to CD4 and/or CD 8 T cells - offers 
advantages to the immune system in the battle against 
infections antigens. Only indirect antigen presenta- 
tion (in the case of CD8 T cells, cross-presentation) 
allows an immune response to be mounted against 
viruses that functionally compromise, or simply avoid 
antigen-presenting cells (103). 

These basic mechanisms of antigen presentation, 
which were uncovered in model systems such as the 
RIP-mOVA system, were found to be important also 
for the pathogenesis of diabetes in NOD mice, in 
which CD 8 T cells have emerged as important 
mediators of disease (113-117). TCR-transgenic 
NOD mice have been generated, and in many of 
these, the CD 8 T cells destroyed pancreatic islets, 
whereas the CD4 T cells played more or less relevant 
helper roles (115, 118, 119). In NOD mice, autoreac- 
tive CD4 T cells appear to play an important role in 
diabetogenesis, and also their activation occurs in the 
pancreatic lymph nodes (120). Interestingly, presenta- 
tion of autoantigen to autoreactive CD4 and CD8 T 
cells is age-dependent. It did not occur in very young 
animals (120), suggesting that developmental changes 
in the pancreatic tissue cause the release of autoanti- 
gens to the pancreatic lymph node. In this respect, a 



wave of physiological apoptotic p-cell death, which 
occurs in rodents at 14-17 days after birth (121), and 
in humans at birth (122), may be relevant. During 
such a wave, autoantigens are released from apoptotic 
islet cells and may activate autoreactive T cells with 
specificity for P-cell antigens (101,123). Antigens 
released from apoptotic cells are taken up particularly 
well by dendritic cells (124-126) and normally, induce 
T cell tolerance (127). Why antigen-presentation 
results in autoimmunity in some individuals is not 
known, but inflammatory signals caused by accom- 
panying infections (128), differences in the T cell 
repertoire, genetic susceptibility differences and dys- 
regulated cellular death may be involved. Also, 
unphysiological P-cell death might cause the release 
of islet antigens in an immunogenic setting, and 
induce autoimmunity rather than tolerance (101). 
Tissue remodelling and replacement of p-cells occur 
also later. In the RIP-mOVA system, pancreatic tissue 
antigens were observed to be constantly shuttled to 
the draining lymph nodes of adult animals, where 
they were presented to autoreactive T cells (108, 120). 
These T cells indeed caused diabetes, but only when 
their precursor frequency was unphysiologically high 
(103). Physiological numbers of T cells were tolerized 
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by deletion before they could destroy all fJ-cells. Thus, 
cross-presentation of pancreatic self-antigen led to 
deletional CD8 T-cell tolerance, which was termed 
cross-tolerance (129). Cross-tolerance has also been 
shown in other transgenic systems, and its mechan- 
isms have been elucidated (109). However, in some 
systems, most notably in those examining antigens 
derived from the lymphochoriomeningitis virus 
(LCMV), specific CD8 T cells ignored this self antigen 
(130) but were not deleted. One possible explanation 
is that various antigens are handled differently by the 
immune system. In this case, however, pathogens 
might easily evolve strategies to escape immune 
surveillance. An alternative explanation came from 
studies investigating the influence of antigen dose on 
cross-presentation. Only high antigen levels were 
cross-presented and induced cross- tolerance (131- 
133) while low dose self antigens were ignored, in 
which case the immune system must rely on ignorance 
to avoid autoimmunity. Thus, the level of antigen 
expression appears to determine the mechanism by 
which CD 8 T-cell mediated autoimmunity is 
avoided. 

Ignorance of self antigen allows autoreactive T 
cells to survive within the T cell repertoire. Such T 
cells could theoretically unleash their destructive 
potential if they were activated by other means, for 
example by pathogens that are similar in antigenic 
structure. This sword of Damocles has first been 
demonstrated in the LCMV system, where mice 
expressing determinants of the LCMV virus in 
pancreatic islets became diabetic after infection with 
the virus (134-135). Such a mechanism may explain 
why immune diseases are often observed after viral 
infections. Direct evidence for antigenic mimicry as a 
mechanism of diabetes induction, however, is scarce 
(136). In contrast to ignorance or to the induction of 
anergy or TCR downregulation in autoreactive T 
cells (137, 138) deletion of autoreactive T cells 
removes the threat of autoimmunity permanently 
by eliminating potentially harmful effectors. How- 
ever, this mechanism can also fail, for example if the 
precursor frequency of the autoreactive CD 8 T cells 
is too high, or when autoreactive CD4 T cells are 
present (103). Transgenic CD4 T cells specific for 
islet self -antigens appear to be less efficient as direct 
mediators of diabetes than CD8 T cells (139, 140). 
However, they act by delaying the deletion of CD 8 
effector T cells (139), by mediating their entrance 
into pancreatic islets (115) or by supporting their 
effector phase in the islets (107). But also the CD4 T 
cells themselves are subject to peripheral tolerance. 
CD4 T cells can be deleted (141) or functionally 
silenced (137). Also Thl — »Th2 diversion may 
happen (142) and regulatory CD25 + CD4 T cells, 
that actively suppress immune responses (143) can be 
generated. 



Molecular mechanisms regulating immune 
response to islet-antigens 

As described above, antigens derived from islet-P- 
cells are under continuous surveillance by the immune 
system. Whether this antigen-presentation leads to 
expansion of islet-specific T lymphocytes and to the 
development of anti-islet immunity (Fig 1) — or to 
their silencing - is of crucial importance. Molecular 
mechanisms underlying this distinction are gradually 
becoming unravelled. Signalling via cytokine- and 
costimulatory receptors is of particular importance 
(144—147). For example, expression of the costimula- 
tory ligand B7.1 or TNF-a on islets, and signalling 
between CD40L and CD40 can lead to the breakdown 
of the tolerant state to islet-antigens, as has been 
shown in NOD mice by antibody treatments and by 
expression of TNF-a or B7.1 on P-cells (148-150). 
The action of TNF-a depends, however, on the timing 
of its action and can also suppress p-cell destruction 
(149,150). 

The TNF- and TNF-receptor families include 
several members that may still turn out to be 
important in the regulation of islet-immunity. A good 
example is the demonstration that signalling through 
the TRANCE-RANK receptor-ligand pair is involved 
in the generation of CD 25 4- CD4-f- regulatory T cells 
in the pancreatic lymph node (151). These cells were 
shown to be able to restrain diabetogenic CD8 
effector T cells. The existence of regulatory T cells 
seems to be controlled by costimulatory molecules, 
because in the NOD mouse, lack of B7-2 or CD28 
leads to acceleration of diabetes via impaired action 
of CD25+ CD4 regulatory T cells (152). 

Functional silencing, that is 'anergy', is tradition- 
ally considered to result from TCR-ligation without 
simultaneous costimulation but may in fact require 
costimulation. Accordingly, CTLA-4 is an important 
negative regulator of the activity of T cells (153), and 
abrogation of its function leads to acceleration of 
diabetes in BDC2.5 NOD mice (153). Also regulatory 
cells including CD25 + CD4 cells (143) and Tregl cells 
(154), are partly anergic themselves. Cytokines IL-10 
and transforming growth factor (TGF) -p, produced 
by regulatory T cells, are important in peripheral 
tolerance via their inhibitory actions on dendritic cell 
activity and on T cell proliferation and differentiation 
(155, 156). Which role these regulatory cells play in 
human disease is not yet clear but is under intensive 
research. 

Receptors that recognize pathogen-associated mol- 
ecular patterns (PAMP) and are thus called pattern 
recognition receptors (PRR) are also important in the 
generation of immune responses (157). These recep- 
tors are expressed on cells of the innate immune 
system including dendritic cells and couple with 
intracellular signal transduction pathways that reg- 



© 2003 Taylor & Francis. ISSN 0785-3890 



Annals of Medicine 3$ 



o o 

Strategies to prevent T1DM 555 



ulate gene expression. Binding of a ligand (i.e., a 
foreign pathogen) to such receptors can thus upregu- 
late various functions of dendritic cells. Although it is 
quite unclear if PRR have any role in the pathophy- 
siology of islet-specific autoimmunity, these receptors 
and their signalling pathways deserve attention when 
attempting to manipulate antigen presentation in 
pancreatic lymph node. 

Consequently, costimulatory and/or death-recep- 
tors and cytokines expressed by the cells of our 
immune system form an intricate network of inter- 
acting receptors and ligands that influence the fate of 
islet-reactive T lymphocytes. This network contains a 
multitude of potential drug targets for attempts to 
restore tolerance to peripheral tissue antigens such as 
islet-antigens, some of which are depicted in Figure 2. 

Selective modulation of immune response to 
islet-antigens 

Restoration of tolerance to islet P-cells without 
compromizing general immune function requires that 
immunomodulation selectively targets the immune 
response to P-cells. So far, tolerance has been induced 
experimentally by introducing the antigen in a con- 



trolled fashion, i.e., without adjuvants, as a soluble 
protein and preferably via mucosal surfaces or the 
intravenous route (158, 159). As discussed above, the 
prospects of these manipulations as immune therapy 
to diabetes, however, remain very uncertain. Toler- 
ance can also be induced in T cells specific for any 
given antigen by complexing antigenic peptides with 
MHC molecules to produce 'custom -made 1 T cell 
receptor ligands that are administered without adju- 
vants and thus in the absence of costimulatory signals 
(160, 161). This, however, requires detailed knowl- 
edge of the immunodominant epitopes of the antigen, 
and when effective, is likely to be strictly restricted to 
a narrow specificity of T cells that may not alone be 
responsible for disease pathogenesis. Thus, multiple T 
cell receptor ligands would need to be administered 
unless some of them would be able to induce active 
regulatory immunity (161). 

Current knowledge of the cellular and molecular 
mechanisms underlying regulation of peripheral 
tolerance to islet-antigens suggests that new strategies 
of therapeutic manipulation of the detrimental islet- 
specific immune response await to be discovered. This 
would, however, require novel ways of introducing 
islet-antigens to the immune system in a way that 
would allow a tolerance-regulating mechanism to be 
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introduced simultaneously with the antigen in a 
strictly localized manner. Because T cells recognize 
antigen only when appropriately presented to them, 
this is possible only during T-cell interaction with an 
antigen-presenting cell or a target cell. In type 1 
diabetes, the target cells (i.e., islet-0 cells) are 
obviously beyond selective manipulation unless xeno- 
transplantation of pig islets derived from transgenic 
pigs (whose islets would be made to express immuno- 
modulatory agents) is considered relevant as a 
treatment option. Interaction with an APC which is 
presenting an autoantigen is the other antigen-specific 
interaction that a diabetogenic T cell commits itself 
to. Therefore, immunomodulation should probably 
be targeted here. If this APC cell were made to express 
an immunomodulatory agent, it could perhaps 
selectively target this agent to the T cell that is 
engaged with it via its antigen-specific receptor (162). 
This might re-direct the T cell to a less aggressive 
behaviour instead of its expansion and maturation 
into a clone of islet-destructive T cells. The immu- 
nomodulatory agent could be a death-inducing ligand 
such as FasL, TRAIL, TNF or PD-L1 (163-165). 
Experimental evidence suggests that expression of 
FasL on dendritic cells renders them tolerogenic (166, 
167) although this may not always happen (168). In 
fact, we have observed that ligation of Fas during T 
cell contact with dendritic cells costimulates a 
fraction of the responding T cells (169) which could 
complicate its effects as a death-ligand. For other 
death-receptor ligands, data do not yet exist. 

Alternatively, the immunomodulatory agent could 
be a cytokine such as IL-10 or TGF-p, because these 
cytokines regulate the costimulatory activity of the 
antigen-presenting cell and proliferation and polarity 
of the responding T cell as discussed above (155, 156). 
For therapeutic purposes, this type of targeted 
immunomodulation could be achieved by in vitro- 
treatment of autologous antigen-presenting cells with 
the immunomodulatory agent together with the 
antigen before re-injection, or by genetic modification 
to make these cells express the immunomodulatory 
agent themselves. Also, although B lymphocytes as 
well as monocytes can present antigen to T cells, 
dendritic cells would likely suit best to be used as 
modified antigen-presenting cells. This is because only 
dendritic cells are able to induce a response both in 
naive and antigen-experienced T cells (170), and 
because B lymphocytes have an intrinsic property of 
directing islet-reactive T cells into diabetogenic 
behaviour at least in the NOD mouse (171, 172). 

Modification of antigen-presentation from 
dendritic ceils - a therapeutic option? 

Dendritic cells can be propagated from peripheral 



blood of humans with the aid of cytokines granulo- 
cyte macrophage colony stimulating factor (GM-CSF) 
and IL-4 (173, 174). Such dendritic cells could be 
treated in vitro with an immunomodulatory agent or 
perhaps transfected with a gene construct to make 
them express the immunomodulatory agent them- 
selves and pulsed with antigen before re-injection 
back into the same individual. In vitro cultured and 
antigen-pulsed dendritic cells from healthy indivi- 
duals can, in fact, either induce a potent immune 
response or tolerance depending on their prior in 
wtro-treatment when re-injected (175,176). The 
limitations of this approach would come from the 
amount of work and potential safety risks introduced 
by in vitro propagation of autologous cells. These 
limitations would not apply to the use of purified 
DNA as a 'vaccine' (177). The discovery that injecting 
'naked' DNA can induce immunity was made a 
decade ago (178), . and vaccination with 'naked' 
DNA represents a promising strategy for inducing 
cell-mediated immune responses (including cytotoxic 
CD8 T cells) (177,178). Purified plasmid DNA 
encoding both an autoantigen and an immunomodu- 
latory agent could, therefore work as a 'vaccine' that 
might elicit a modified immune response resulting in 
tolerance instead of effective cell-mediated immunity. 
Unlike cells that need to be autologous, a vaccine 
consisting of recombinant DNA once validated could 
potentially be applied to individuals of a diverse 
genetic background (i.e., irrespective of MHC haplo- 
types or other disparate features). Thus, a 'vaccine' 
for people at risk of developing T1DM could perhaps 
become available on a large scale. The safety risks of 
introducing foreign recombinant DNA would prob- 
ably be small if vectors that are able to incorporate 
into host genome (i.e., retroviral vectors) would not 
be applied. 

In the NOD mouse, a few studies already exist in 
which DNA-plasmids encoding insulin, its B chain, 
GAD or hsp 60 either alone or together with a 
plasmid encoding a regulatory cytokine (e.g., IL-4) 
have been injected as a 'vaccine' to induce tolerance 
(47, 179-181). DNA injected as a 'vaccine' is taken 
up by cells in the tissue including dendritic cells 
which express the antigen and present it to T cells 
(182). In many cases this has resulted in regulatory 
immunity and protection from disease. This is 
noteworthy, given the capacity of DNA-vaccination 
to induce effective cytotoxic T-cell immunity in 
tumour and viral disease models (183, 184). Hence, 
the control of possible adverse immune reactions 
deserves careful attention when using this strategy. 
We believe that simultaneous expression of the 
autoantigen with an immunomodulatory agent could 
be a possible way to better control such adverse 
reactions and to target immunomodulation most 
effectively to pathogenic T cells. Intensive research is 
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yet needed in models such as the RIPmOVA -model 
and the NOD mouse to identify the most effective 
immunomodulatory molecules and the most relevant 
islet-autoantigens that these should be combined 
with. 

A promising strategy to induce tolerance towards a 
defined antigen is to make a fusion protein consisting 
of the antigen and an antibody to an endocytosis 
receptor expressed on immature dendritic cells. 
Accordingly, the model antigen ovalbumin when 
conjugated to an antibody against the DEC-205 
receptor, induced antigen presentation in dendritic 
cells that remained in an immature state (185). 
Presentation of antigen via immature dendritic cells 
rendered mice tolerant to subsequent challenge with 
the same antigen showing that targeting the antigen 
thoughtfully to the immune system may elicit antigen- 
specific tolerance. 



We have discussed here the role of animal models in 
development of therapeutic strategies to induce 
immune tolerance to islet-autoantigens and envi- 
sioned some novel approaches to modify antigen- 
presentation from dendritic cells to induce tolerance 
(Fig 3). These strategies and approaches are currently 
under investigation in many laboratories including 
our own laboratories. Via innovative and careful 
work in animal models of islet-autoimmunity some of 
these approaches may be transformed into strategies 
that could be applied as specific immunotherapy to 
type 1 diabetes. Compared to treatment with general 
immunomodulatory or immunosuppressive agents, or 
other general, although certainly effective, treatment 
options like bone marrow reconstitution (186), 
tolerance-promoting presentation of autoantigens to 
the immune system would offer a worthwhile 
choice. 
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Figure 3. Four potential strategies for manipulating antigen-presentation in dendritic ceils to induce tolerance. 1. Genetic (i.e. DNA) 
vaccination with a plasmid that encodes antigen and a death-receptor ligand (FasL, TRAIL, PD-L1/2); 2. Blockade of signal transduction 
from pathogen recognition receptor (PRR) by e.g., genetic modification of DC or antisense oligonucleotides; 3. Conjugation of antigen to a 
structure that binds to an endocytosis receptor (e.g., DEC-205) expressed on immature DC; 4. Genetic (i.e., DNA) vaccination with a 
plasmid that induces production of a regulatory cytokine (TGF-p, il-1 0). 
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risk assessment strategies yielding high sensitivity 
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Summary Identification of islet autoantigens offers 
the possibility that antibody tests other than islet cell 
antibodies may be used for assessing risk of insulin- 
dependent diabetes mellitus (IDDM). The aim of 
this study was to determine the combination of islet 
autoantibody markers that could identify most fu- 
ture cases of IDDM. Islet cell antibodies, antibodies 
to glutamic acid decarboxylase (GAD)^, 37,000/ 
40,000 M r islet tryptic fragments, carboxypeptidase- 
H t and islet cell autoantigen (ICA)69 were measured 
in sera from 100 newly-diagnosed IDDM patients, 27 
individuals prior to onset of IDDM, and 83 control 
subjects. Islet cell antibodies were detected in 88 % 
of IDDM patients and 81 % with pre-IDDM, GAD 65 
antibodies in 70% of IDDM patients and 89% with 
pre-IDDM, and antibodies to 37,000/40,000 M r islet 
tryptic fragments in 54 % of IDDM patients and in 
48 % with pre-IDDM, The latter were found only in 
conjunction with islet cell antibodies and were more 
frequent in young onset cases. All 20 IDDM patients 
and the 3 pre-IDDM subjects who had islet cell anti- 



bodies without GADtf antibodies had antibodies to 
37,000/40,000 M r islet tryptic fragments, and all but 
one had disease onset before age 15 years. No sera 
strongly immunoprecipitated in vitro translated 
ICA69 or carboxypeptidase-H; 4 % of patients had 
anti-ICA69 and 11 % anti-carboxypeptidase-H levels 
above those of the control subjects. The findings sug- 
gest that none of the single antibody specificities are 
as sensitive as islet cell antibodies, but that a combi- 
nation of GAD 65 antibodies and antibodies to 
37,000/40,000 M r islet tryptic fragments has the po- 
tential to identify more than 90 % of future cases of 
EDDM. Such a strategy could eventually replace islet 
cell antibodies in population screening for IDDM 
risk assessment. [Diabetologia (1995) 38: 816-822] 

Key words Islet cell antibodies, glutamic acid decar- 
boxylase^ antibodies, islet autoantigens, insulin-de- 
pendent diabetes mellitus prediction, carboxypepti- 
dase-H, ICA69. 
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Treatments that may delay or prevent the onset of in- 
sulin-dependent diabetes (IDDM) are already being 
tested in large-scale trials in family members of chil- 
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dren with the disease [1]. Although current risk as- 
sessment strategies are based on prospective family 
studies [2-4], only around 10% of patients have a 
first-degree family history of IDDM. If preventive 
therapies are to have a real impact on the frequency 
of disease, they will eventually have to be evaluated 
and applied in the population as a whole. 

Islet cell antibodies (ICA) are the most widely 
used antibody marker in risk assessment [5]. Over 
80% of first-degree relatives who develop IDDM 
have detectable ICA, and unaffected relatives with 
ICA are at greatly increased risk of developing the 
disease [2-4], The technical limitation of ICA mea- 
surements is that they rely on semi-quantitative indi- 
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rect immunofluorescent assays [6] which, despite 
much improvement [7], are difficult to standardize 
[8, 9]. Antibodies to the islet autoantigen glutamic 
acid decarboxylase (GAD) are also detected prior to 
onset of IDDM [10-14]. The recent development of 
GAD antibody (GADA) assays [15, 16] which use 
small volumes of serum and detect antibodies in 
over 70 % of IDDM patients, now offer the possibili- 
ty to screen large sample numbers. Similar methods 
could potentially be applied to other proposed anti- 
body markers [17] and it may ultimately be possible 
to develop a single assay measuring antibodies to sev- 
eral islet antigens, thus replacing ICA testing. . 

We have measured antibodies to GAD, 37,000/ 
40,000 M, islet tryptic fragments (anti-37 K) [18], car- 
boxypeptidase-H (CPH) [19], and ICA69 [20], in 100 
consecutive patients with newly-diagnosed IDDM, 
in 83 control subjects and in samples taken prior to 
onset of IDDM from 27 individuals in the Barts- 
Windsor [2] and Barts-Oxford family studies [13]. 
The aim of the study was to select the best combina- 
tion of antibody markers for use in a screening test 
for IDDM risk assessment and to evaluate these in 
comparison with ICA. 



Subjects, materials and methods 

Subjects 

Patients with IDDM. Serum samples were obtained at onset of 
disease from 100 consecutive patients with IDDM diagnosed 
at the San Raffaele Hospital, Milan, Italy, during 1990 and 
1991. IDDM was defined on the basis of a clinical diagnosis. 
All patients started insulin at the time of diagnosis and re- 
mained insulin-dependent thereafter. Patients had a median 
age of 11 years (range 1 to 40 years). Sixty-nine were diag- 
nosed before age 15 years, and 53 were male. 

■ 

Pre-JDDM. Serum taken prior to diagnosis was available in 27 
of the 29 family members who have developed IDDM whilst 
under follow-up in the Barts-Windsor [2] and Barts-Oxford fa- 
mily studies in the UK [1 3]. They were ail included irrespective 
of ICA status. The first available serum sample from each indi- 
vidual was tested. Six parents and 21 siblings of the diabetic 
proband were studied. The median age at sample collection 
was 17 years (range 2 to 55 years) and at diagnosis of IDDM 
was 20 years (range 3 to 57 years). The median time to diagno- 
sis was 2.7 years (range 0.2 to 8.1 years). 

Control subjects. Samples were collected from 83 normal chil- 
dren and blood donors in the Milan area. They had a median 
age of 12 years (range 1 to 40 years), 37 were male. 



Recombinant autoantigens 

Poly- A RNA was isolated from 20,000 purified human islets 
using Dynabeads Oligo dT(25) (Dynal, Oslo, Norway) pi]. 
Reverse transcription of 3|d of the P^.^P^^f 
usine a mixture of random hexamers (Perkin Elmer Cetus, 
Salk Conn., USA) to obtain cDNA [22]. The full length 
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coding sequences of GAD^ and ICA69 were obtained after 
polymerase chain reaction amplification [23] of cDNA. The 
amplified products were ligated into the plasmid vector 
pCRlI (Invitrogen, San Diego, Calif., USA), and then sub- 
cloned into the ECoRl (GAD^) or BamHl (ICA69) cloning 
sites of the pGEM 3 vector (Promega^ Madison, Wis,, USA) 
under the control of the SP6 promotor for in vitro transcrip- 
tion and expression [24]. Recombinant rat CPH cDNA, 
cloned into the pSP64 vector (Promega) under the control of 
the SP6 promotor, was kindly provided by Dr. X Hutton, Ad- 
denbrooke's Hospital, Cambridge, UK. 

Radiolabeled recombinant proteins were obtained from in 
vitro coupled transcription and translation of 1 p,g of the ap- 
propriate plasmid by SP6 RNA polymerase and rabbit reticu- 
locyte lysate (Promega) in the presence of 40 [iCi ^-methio- 
nine (Amersham International, Amersham Bucks., UK). Un- 
incorporated label was removed by gel chromatography on a 
NAP 5 column (Pharmacia, Uppsala, Sweden). 



Autoantibody measurements 

GADA. Antibodies to in vitro translated GAD^ were mea- 
sured using a method similar to that previously described [16], 
A total of 15,000 cpm of labelled GAD^ protein diluted in 
50 ramol/1 Tris-HCl pH 7.2, 150 mmol/1 NaCl, and 1 % TWeen 
20 (TBST) was added to 2 ul of serum to a final volume of 
50 |xl in 96-deep well microtitre plates and incubated over- 
night on ice. Immuno complexes were isolated on 1 mg protein 
A Sepharose (Pharmacia), pre-swelled and resuspended in 
50 \i\ of TBST, followed by incubation for 1 h at 4 °C with shak- 
ing. The immunocomplexes bound to protein A were washed 
once with 750 jil of cold TBST and transferred to a 96-well fil- 
tration system (Millipore, Bedford, Mass., USA) with a 0.45- 
um filter at the bottom of the wells. The unit was placed on a 
vacuum device and after 10 washes, each of 150 (il of TBST, 
the bottom of each well was punched into a scintillation vial 
containing 2.5 ml of scintillation fluid (Ultimagold, Packard, 
Groningen, The Netherlands), and cpm measured in a scintilla- 
tion counter (Kontron Instruments, Montigny le Bretonnieux, 
France). All samples were tested in duplicate. Results are ex- 
pressed as mean cpm. The interassay coefficient of variation 
on 10 assays was less than 15 % for control samples with mean 
cpms of 300 and 600. This assay detected none of 32 control 
samples and 32 of 39 (82 %) IDDM samples in the 2nd Interna- 
tional GAD antibody workshop. 

Anti-carboxypeptidase-H and anti-ICA69. Antibodies to in vi- 
tro translated CPH and ICA69 were measured as previously 
described for anti-ICA69 [24], A total of 17,000 cpm of label- 
led protein diluted in TBST was added to 4 ul of serum in a 
final volume of 50 in 96-deep-well microtitre plates and in- 
cubated overnight on ice. Immunocomplexes were isolated on 
2 me protein A Sepharose (Pharmacia), pre-swelled and re- 
suspended in 50 ul of TBST, followed by incubation for In 
at 4°C with shaking. For anti-CPH, immunocomplexes 
bound to protein A were washed eight times, each with 
750 ul of cold TBST, transferred to scintillation vials contain- 
ing 2.5 ml of scintillation fluid, and the cpm measured. For 
anti-ICA69, immuriocomplexes bound to protem A were 
washed twice, each with 750 *d of cold TBST and transferred 
to a 96-well filtration system, washed and counted as for 
GADA. Rabbit polyclonal anti-CPH provided by Dr. J. Hut- 
ton and a rabbit polyclonal antiserum raised against .purified 
recombinant ICA69 protein (Primm, Milan, Italy) strongly 
immunoprecipitated the in vitro translated proteins (Fig.l). 
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Fig.l. Immunoprecipitation of in vitro translated, ICA69 
(lanes 1 and 2) and CPH (lanes 3 and 4). 35 S methionine label- 
led protein was immnnoprecipitated with 0.2 |il rabbit anti- 
ICA69 (lane 1), 0.2 ul rabbit anti-CPH (lane 3), and 2 |d pre- 
immune rabbit sera (lanes 2 and 4), and run on 10 % polyacryl- 
amide gel electrophoresis under denaturing conditions 



Dilutions of these antisera were used as controls in each as- 
say. 

Anti'37K. Rat insulinoma cell line (RIN 5 AH) was maintained 
in tissue culture in RPMI 1640 medium containing 10 % fetal 
bovine serum (Sigma, St. Louis, Mo., USA). Subconfluent 
RIN cells in a 162-cm 2 tissue culture flask (approximately 
1x10 s cells) were radiolabelled in methionine-free RPMI 
1640 medium (Sigma) with 1 mCi of p 5 S] in vitro cell labelling 
mix (Promix - Amersham International) for 5 h at 37 °C; the 
cell pellet was then frozen at -80 °C until processed. For cell ly- 
sis, 400 uJ of 10 mmol/1 Hepes (pH 7.4), 150 mmol/l Nad, 0.1 % 
(weight/volume) aprotinin, and 2% Triton X-114 were added 
to a pellet of radiolabelled insulinoma cells followed by 2 h in- 
cubation at 4°C with agitation. The homogenate was centri- 
fiiged at 10,000 g for 15 min at 4 °C, and the supernatant collect- 
ed and incubated at 30°C for phase separation. Triton X-114 
detergent phase was precleared with 50 ul of normal human 
serum for 18 h at 4°C followed by binding to 100 ul of packed 
protein A Sepharose (Sigma) for 30 min at 4°C. Aliquots of 
20 ul extract containing 4x10* cpm of radiolabelled protein 
were incubated with 5 ul of test serum for 5 h at 4°C Immune 
complexes were isolated on 20 uJ of packed protein A Sepha- 
rose, washed three times with 1 ml 20 mmol/1 Hepes (pH 7.4), 
500 mmol/1 NaCl, and once with 1 ml of water. They were then 
incubated with 50 ul of 0.1 mg/ml trypsin in 10 mmol/1 Hepes 
(pH 7.4), and 150 mmol/iNaCl for 20 min at 4°C, washed with 
1 ml of water before processing for SDS-10 % polyacrylamide 
gel electrophoresis and autoradiography. Serum samples were 
regarded as anti-37 K positive if 37kDa and/or 40kDa poly- 
peptide bands were detected on the autoradiogram. 

Islet cell antibodies (ICA). These were measured in undiluted 
sera by indirect immunofluorescence on 4-um cryostat sec- 
tions of blood group O human pancreas as previously de- 
scribed [2]. Positive samples were titrated to end point in dou- 
bling dilutions in 10 mmol/1 phosphate-buffered saline (pH 
7.2). Local (Milan) standard sera calibrated to 2.5, 5, 10, 20, 
40 and 80 Juvenile Diabetes Foundation (JDF) units were in- 
cluded in each assay. End-point titres of test samples were con- 
verted to JDF units by comparison with a standard curve of 
log 2 JDF units vs Iog 2 of end-point titre of the standard sera. 
The threshold of ICA detection was 2 JDF units. 
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Fig. 2. (A) ICA and (B) GADA distribution in study groups. 
Hie upper first percentile of control subjects is shown by the 
broken lines 



Insulin autoantibodies (IAA). These were measured on sam- 
ples in which ICA were not detected using a radio-binding as- 
say as previously described [25]. 



Statistical analysis 

The threshold for positivity was selected as the upper first per- 
centile of control results in each assay. All assays will have the 
same specificity (99 %) allowing comparison of sensitivities be- 
tween them. All comparisons were made using the chi-square 
test with Yates' correction, p values for comparisons between 
paediatric (onset < 15 years) and older-onset cases were cor- 
rected for the number of categories (n = 5). Where appropri- 
ate, 95 % confidence limits (CL) are given. 



Results 

Insulin-dependent diabetes mellitus (IDDM). ICA 
were detected in 88 of 100 cases at onset of EDDM 
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Table 1 Islet antibody prevalence 
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Patient group 



IDDM 
Total 

Pre-IDDM 



Total 

Control subjects 



Age (years) n 



<£ 15 
> 15 



<£15 
> 15 



» p < 0.05 vs <; 15 years 



69 
31 

100 

10 
17 

27 

83 



ICA 



64 (93 %) 
24 (77 %) 

88 

9(90%) 
13 (76 %) 

22(81%) 

1(1%) 



GADA 



45(65%) 
25(81%) 

70 

8(80%) 
16(94%) 

24 (89 %) 
1(1%) 



Anti-37K 



43 (62 %) 
11(35%)* 

54 

5 (50 %) 
8 (46 %) 

13 (48 %) 

0 (0 %) 



Anti-CPH Anti-ICA69 



10 (13%) 
3(10%) 

13 

1 (10%) 
0 

1(4%) 
1 (1 %) 



2 (3 %) 

0 (0 %) 

2 

1 (10 %) 

2 (12 %) 

3 (11 %) 
1 (1 %) 



• 



4 

4^ 



Tabled Islet antibo dy com bination 

Age 



Patient group 
IDDM 

Total 

Pre-IDDM 



(years) 
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Control subjects 
*p < 0.02 vs ^ 15 years 
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Fig.3. Islet autoantibodies in sera from 100 newly-diagnosed 
IDDM patients. The filled symbols represent those in which 
anti-37 K were detected. The upper first percentile of 83 con- 
trol sera are represented by the broken lines at 2 JDF units 
for ICA and 217 cpm for GADA 



(CL: 80-94 %); 27 of these had between 2 and 19 JDF 
units and 61 > 20 JDF units (Fig. 2A). ICA were the 
most frequently detected single humoral marker 
(p < 0.01 vs GADA; p < 10" 6 vs anti-37 K) (Table 1). 
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10 
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0 
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GADA were found in 70 IDDM patients (CL: 60- 
79%) (Table 1; Fig.2B), including 2 of the 12 pa- 
tients without detectable ICA. ICA in the absence of 
GADA were found in 20 patients, all of whom had 
an age of onset before age 15 years (p<0.02 
vs > 15 years) (Table 2). There was no correlation be- 
tween GADA levels and ICA titres (Fig. 3). 

Anti-37 K were found in 54 patients (CL: 44- 
64%); all had ICA (p < 0.001 vs ICA negative). They 
were detected more frequently in patients with dis- 
ease onset before age 15 years (p < 0.05). Anti-37 K 
were strongly associated with high titre ICA and 
were detected in 35 of 42 (81 %) of those with ICA 
greater than 40 JDF units (p < 0.002). All 20 cases 
with ICA in the absence of GADA had 37 K antibo- 
dies (Table 2). Anti-37 K were not associated with 
the presence of GADA (Fig. 3). 

All sera were tested for antibodies to CPH and 
ICA69. None strongly immunoprecipitated in vitro 
translated CPH or ICA69. Thirteen had anti-CPH 
levels and four anti-ICA69 levels above the upper 
first percentile of normal control subjects (Fig. 4). 

ICA and/or GADA were detected in 90 % of cases 
(CL' 82-95 %). The same cases could also be identi- 
fied* by the presence of GADA and/or anti-37 K. 
Four (6%) patients with onset before age 15 years 
and 6 (19%) patients with onset after age 15 years 
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were negative for all three markers (Table 2). One of 
the antibody negative cases had IAA; none had in- 
creased levels of anti-ICA69 or anti-CPH. 

Pre-IDDM. ICA and GADA were the most frequent- 
ly detected single markers prior to onset of IDDM 
(Table 1; Fig. 5). Together they identified all 27 cases 
(CL: 87-100%). Five (19%) had GADA in the ab- 
sence of ICA and three (11 %) had ICA in the ab- 
sence of GADA. Anti-37 K were found in 13 cases 
(48%; CL: 29-68%), all of whom also had ICA. 
These included all three cases with ICA in the ab- 
sence of GADA (Table 2). One (4 %) had increased 
levels of anti-CPH, and three (11 %) had anti-ICA69 
levels above the upper first percentile of normal con- 
trol subjects (Fig. 4). No significant differences be- 
tween pre-IDDM and IDDM at onset were found. 



Discussion 

Our aim was to develop a screening method based on 
islet autoantibody markers that will potentially iden- 
tify most future cases of IDDM. The most sensitive 
markers were ICA and GADA. Both were detected 
in 68 % of IDDM and 70 % of pre-IDDM sera, and 
90 % of all IDDM and pre-IDDM sera had at least 
one of these markers. The majority of IDDM cases 
in which neither ICA nor GADA were detected 
were adult so that 94 % of cases with onset before 
age 15 had at least one of these markers as against 
81 % over that age. Despite the high sensitivity of a 
combination of ICA and GADA, a significant pro- 
portion of patients had only one of these markers. In 
particular, 28 % of those with childhood-onset dis- 
ease had ICA without GADA. 

Anti-37 K were the next most prevalent marker in 
newly-diagnosed IDDM. They were found only in 
conjunction with ICA, and strikingly, in all cases 
with ICA in the absence of GADA. Here again, 
90 % of IDDM cases, including 95 % of those with on- 
set before age 15, and all pre-IDDM sera had either 
GADA or anti-37 K. ICA69 and CPH antibodies 
measured by immunoprecipitation were not detect- 
ed in any of the GAJDA/anti-37 K negative cases, 
and did not increase sensitivity. IAA identified only 
one of these cases. 

These findings suggest that ICA are the most sensi- 
tive screening test, particularly in childhood-onset 
diabetes, provided an assay is used that can detect 
low levels of antibody reproducibly. Even so, the as- 
say is difficult to standardize, and many laboratories 
are unable to measure low levels consistently [7, 9]. 
ICA contain more than one specificity [26-29], not 
all of which appear to be associated with IDDM [27]. 
Furthermore, ICA in the absence of other islet anti- 
body specificities are only weakly predictive of 
IDDM in first-degree relatives [13] or schoolchildren 
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[14]. In both groups increased risk is concentrated in 
the minority in whom more than one islet autoanti- 
body specificity is present. In the present study, ICA 
were always found in association with either GADA 
or anti-37 K in sera taken both at and prior to diagno- 
sis. It may therefore be preferable to undertake initial 
screening with those antibody specificities associated 
with ICA that are more closely related to disease. 

GADA measurement has been proposed as a test 
to assess IDDM risk [12]. The assay output is numeri- 
cal, removing some observer bias, and since many 
samples with low ICA levels have GADA levels well 
above the threshold for positivity used in this study, 
their use would avoid the difficulty of measuring low 
titre ICA. GADA appear to be as sensitive as ICA 
in adult-onset IDDM, but we found that 28 % of pa- 
tients diagnosed before age 15 years have ICA in the 
absence of GADA at or before disease onset. This 
group is of particular importance in that every case 
had anti-37 K, a marker associated with rapid pro- 
gression to insulin-requiring diabetes . [13, 14, 30], 
thus implying an aggressive disease process. GADA 
measurement alone is therefore unlikely to provide 
as sensitive a screening test as ICA. 

Our findings suggest that measuring GADA and 
anti-37 K could provide a test that would retain the 
sensitivity of ICA. Combining anti-37 K and GADA 
significantly enhances the sensitivity of GADA 
alone, and the combination of anti-37 K and ICA 
identifies a subgroup with markedly increased risk 
[13, 14, 30]. Current methods for anti-37 K are labor- 
ious and costly, and preclude the general application 
of this marker. Anti-37 K are however, like GADA, 
detected by immunoprecipitation of liquid phase an- 
tigen using small serum volumes. Therefore, provid- 
ed the 37 k antigen is cloned, it is likely that assays 
can be developed which will measure antibodies to 
in vitro translated recombinant GAD and 37 K anti- 
gen simultaneously. Additions of ICA69 or CPH anti- 
bodies contributed little to the analysis. Antibodies to 
ICA69 which have been detected in solid-phase as- 
says [20, 24] rarely immunoprecipitate in vitro trans- 
lated antigen [24], and increased binding to CPH 
was detected in only few sera and was not confined 
to GADA negative cases. IAA were not tested in all 
cases used in the present analysis, but we have pre- 
viously found them to be absent prior to disease on- 
set in a number of those with anti-37 K in the ab- 
sence of GADA [13, 14]. Furthermore, the large 
serum volumes currently needed for the detection 
of IAA render these unsuitable for adaptation to 
screening assays for use in the general population. 

In conclusion, we propose that a combination of 
GADA and anti-37 K testing could eventually re- 
place ICA in screening for risk of IDDM. Until as- 
says with the capacity to measure anti-37 K in large 
numbers of samples are available, we suggest that 
maximum sensitivity will be achieved by a combina- 



tion of GADA and ICA. The screening strategies we 
propose have the potential to identify more than 
90 % of future cases. We have tested this prospective- 
ly only in first degree relatives of children with IDDM 
in the UK, but the combinations of antibodies seen in 
these individuals are not different to those in the 
Italian non-familial cases at diagnosis, or to the few 
cases identified in a prospectively followed UK popu- 
lation of school children [14]. It is important to 
emphasise that the aim of the present analysis is to 
identify an approach to screening that maximizes 
sensitivity, thus identifying the greatest possible 
number of individuals at risk of developing IDDM 
within the general population. Additional or sequen- 
tial tests, for example genetic analysis or metabolic 
testing, may then need to be applied to those with 
antibody markers in order to improve the specificity 
of prediction [31]. This approach promises in time to 
identify levels of risk sufficient to justify intervention 
trials in those with no family history of IDDM. 
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Relationships among 64k autoantibodies, pancreatic beta-cell 
function, HLA-DR antigens and HLA-DQ genes in patients with 
insulin-dependent diabetes mellitus in Korea. 

Lee HC, Cha BS, Nam MS, Song YD, Lim SK, Kim DH, Huh KB, Koh ^ 

Department of Internal Medicine, Pediatrics, Yonsei University, College of 
Medicine, Seoul, Korea. 

OBJECTIVES: Among autoantibodies detected in patients with insulin- 
dependent diabetes mellitus (IDDM), antibodies to 64,000(Mr) islet protein 
(64k), now recognized as glutamic acid decarboxylase(GAD), appear to be ai 
even more predictive marker of IDDM than islet cytoplasmic antibody (ICA) 
or insulin autoantibody (IAA). We examined the relationships among 64k 
autoantibodies, pancreatic beta-cell function, HLA-DR antigens and HLA-Dt 
genes in patients with IDDM in Korea. METHODS; To identify the 64k 
autoantibody, the immunoprecipitation method was performed for 35 patient 
with IDDM and 10 normal controls. In patients with IDDM, serum C-peptid< 
levels were measured and HLA-DR typings and HLA-DQA1 and DQB1 gen 
typings were performed. RESULTS: 12 of 35 (34%) patients with IDDM we: 
positive for 64k autoantibody in contrast to none of 10(0%) normal controls. 
There were no differences in residual pancreatic beta-cell function between 6 
autoantibody positive and negative groups. 64k autoantibody was detected 
more frequently in patients with recent (duration < 6 months, 10/25[40%]) ar 
young -aged(aged < 15 years, 7/18[39%]) onset of IDDM. All of 3(100%) 
patients with HLA-DR3/DR4 heterotypes were positive in 64k autoantibody, 
contrast to 1 of 7(14%) patients without HLA-DR3 nor DR4. The frequencie 
of HLA-DQA1 *0301, HLA-DQB l*02ftl, DQB 1 * 0302 andDQBl*0303 ge 
types were higher in patients with 64k autoantibody (12/12 [100%]) vs. withe 
64k autoantibody 18/22[81%], 5/1 1 [45%] vs. without 64k autoantibody 5/22 
[23%], 5/11 [45%] vs. without 64k autoantibody 8/22[36%] and 6/11 [55%] \ 
without 64k autoantibody 9/22[41%]. CONCLUSIONS: There results suggei 
that 64k autoantibodies have some relationship with HLA-DR, DQAi and 
DQB1 genes, but not with residual pancreatic beta-cell function in Korean 
patients with IDDM. 
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Prediction of insulin-dependent diabetes mellitus (IDDM) is 
still largely based on islet cell antibodies (ICAs), but it may 
be improved by combined analysis with other humoral 
markers. We examined autoantibodies to insulin (lAAs), 
glutamic acid decarboxylase (GAD), and [M.sub.r] 37,000 
and [M.sub.r] 40,000 fragments of islet antigens (37 and 
40 kDa) together with ICA subtypes in 101 family members 
with ICAs [greater than or equal to]10 Juvenile Diabetes 
Foundation units (JDF U) followed for up to 14 years, of 
whom 18 have developed IDDM. Life-table analysis 
showed a 43% risk of IDDM within 10 years for those with 
ICAs [greater than or equal to]10 JDF U, rising to 53% for 
those with ICAs [greater than or equal to]20 JDF U. The 
risk for ICAs [greater than or equal to]10 JDF U was 62% 
in the family members in the youngest age quartile (<13.2 
years) and fell with increasing age to 4% in those >40.7 
years of age (P = 0.03). ICAs [greater than or equal to]10 
JDF U combined with lAAs gave a risk of 84% (P = 0.03 
compared with IAA-), and ICAs [greater than or equal to]10 
JDF U combined with GAD antibodies gave a risk of 61% 
(P = 0.018). The risk for ICAs [greater than or equal to]10 
JDF U with antibodies to 37-kDa antigen was 76% (P < 
0.0001). Risk increased with the number of autoantibodies, 
from 8% for ICAs alone to 88% with [greater than or equal 
to]3 autoantibodies (14 cases detected) (P < 0.0001). The 
increased risk associated with multiple antibodies was 
observed independent of age. The median time to 
diagnosis in those with antibodies to 37- and/or 40-kDa 
antigen was 1 .5 years, compared with 7.2 years in those 
with lAAs and GAD antibodies in the absence of 
antibodies to 37/40 kDa. The intensity and range of the 
autoantibody response offers better overall prediction of 
diabetes than any single autoantibody specificity, although 
antibodies to 37-/40-kDa antigens may prove to be useful 
markers of early clinical onset. We found that 78% of 
future cases of IDDM in [ICA.sup.+] relatives came from 
the 27% with multiple autoantibodies and estimate that 
88% of individuals within this category will need insulin 
treatment within 10 years. We propose a simple predictive 
strategy based on these observations. Diabetes 
43:1304-1310, 1994 

Risk of progression to insulin-dependent diabetes mellitus 
(IDDM) can be assessed with reasonable accuracy in 
unaffected first-degree relatives of a child with the disease, 
and such estimates have been used to design clinical trials 
of agents that may delay or prevent the onset of diabetes 
(1). Islet cell antibodies (ICAs) offer highly sensitive 



prediction when measured by an assay with a low 
threshold of detection. We found that 82% of those who 
developed diabetes within 10 years had ICAs [greater than 
or equal to]10 Juvenile Diabetes Foundation units (JDF U) 
on entry into the Bart's-Windsor family study (2). ICAs do, 
however, offer less specific prediction, because only 40% 
of relatives with ICAs [greater than or equal to]10 JDF U 
would be expected to develop IDDM within 10 years (2)(3). 
In contrast, loss of the first-phase insulin response to 
intravenous glucose is a highly specific marker of 
progression, giving a 90% risk over 4 years (4), but it is 
relatively insensitive, identifying around 20% of those 
family members who will develop diabetes within 5 years 
(1). Other potential autoantibody markers include 
antibodies to insulin (IAAs)(5), to glutamic acid 
decarboxylase (GAD)(6), and to other islet proteins 
detectable as [M.sub.r] 37,000 and [M.sub.r] 40,000 
proteolytic fragments (37- and 40-kDa antigens)(7). We set 
out to examine the predictive value of these additional 
humoral markers in a large population of [ICA.sup.+] 
relatives, with the aim of developing an approach to 
screening that would combine the sensitivity of ICA with 
improved specificity. 

RESEARCH DESIGN AND METHODS 

The Baif s-Windsor and Bart's-Oxford prospective family 
stuides have recruited parents and siblings of patients with 
IDDM diagnosed before age 21 from within the Oxford 
Regional Health Authority area in England. By 1 March 
1992, 2,722 nondiabetic first-degree relatives had been 
screened, of whom 109 had been found to have ICAs 
[greater than or equal to]10 JDF U with detectable ICAs 
(<4 JDF U) on at least one other occasion. In this analysis, 
we have included 101 relatives (48 parents and 53 
siblings) who fulfilled these criteria. Serum from the 
remaining eight was no longer available for study. The 
median age at entry to the study was 19.8 years (range 
2-56 years). Subjects were followed for up to 14.3 years 
(median 3.8 years) with repeated sampling for ICAs and 
other autoantibodies. Eighteen (4 parents and 14 siblings) 
developed IDDM. The cumulative risk for the development 
of IDDM for the whole group and the duration of follow-up 
are summarized in Fig. 1, 

[CHART OMITTED] 

Autoantibody assays. Autoantibodies were all determined 
on the earliest available sample in which ICAs [greater 
than or equal to]10 JDF U were detected. Sequential 
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samples taken at approximately annual intervals between 
study entry and diagnosis of IDDM were also tested where 
available. All assays were performed blind on coded 
samples. 

ICAs. Undiluted sera were screened for conventional 
ICA-IgG by means of indirect immunofluorescence on 
4-[micro]m cryostat sections of blood group O human 
pancreas (8). Positive samples were then titered by 
doubling dilutions in phosphate-buffered saline on tissue 
obtained from a single pancreas under standard incubation 
conditions (9). Local standard sera calibrated to 2, 4, 8, 16, 
32 t and 80 JDF U were included in each assay. End-point 
titers were converted to JDF U (10). The coefficients of 
variation (CVs) between assays for control sera with 8, 32, 
and 80 JDF U tested in 13 consecutive assays were 11,7, 
and 6%, respectively, when expressed geometrically (SD 
[log.sub.2] JDF U/mean [log.sub.2] JDF U). The threshold 
of ICA detection was 4 JDF U. 

lAAs. lAAs were assayed using a modification of the 
methods described by Palmer et al. (5) and Kurtz et al. 
(11). Sera were extracted using acid-washed, 
dextran-coated charcoal to remove endogenous insulin; 80 
[micro]l of serum was then incubated for 48 h at 
4[degrees]C with 80 [micro]l of 40 mmol/l phosphate buffer 
and 5.3 X [10.sup.-3] pmol radiolabeled human insulin 
(specific activity 2,000 Ci/mmol; Amersham, Amersham, 
U.K.), with and without excess (2.55 pmol/tube) cold 
insulin (Actrapid, Novo Nordisk, Bagsvaerd, Denmark). 
The immunoglobulin fraction was precipitated using 
polyethylene glycol 6000 (12.9% wt/vol) and washed. The 
specific binding was calculated by subtracting the counts 
in the presence of cold insulin from the counts without the 
cold insulin. Results were expressed as percentage 
displaced binding. The CVs between assays for control 
sera with percentage displaced binding of 1, 10, and 50 
were 25, 26, and 9%, respectively. Individuals were 
classified as [IAA.sup.+] if the corrected binding was > 3 
SD above the mean of 172 adult blood donors (mean [+ or 
-] SD; -0.04 [+ or -] 0.26% displaced binding). 

GAD antibodies. Antibodies to GAD in sera were 
measured by determining the enzyme activity 
immunoprecipitated by sera from a soluble extract of rat 
brain, as previously described (12). GAD activity 
immunoprecipitated was calculated relative to a standard 
positive serum included in each assay. The intra-assay CV 
was 15.4%. Sera were regarded as positive for anti-GAD 
antibodies if the relative antibody activity exceeded 2 SD 
of the activity in sera from a group of 30 healthy control 
individuals (mean [+ or-] SD; 6.2 [+ or-] 3.4% of positive 
control subjects). Using this assay, antibodies to GAD 
were found in 16 of 25 newly diagnosed patients with 



IDDM (12) and 1 of 28 control subjects (13). 

Antibodies to 37-and 40-kDa islet antigens. Antibodies to 
37-and 40-kDa islet antigens were measured by 
immunoprecipitation of [35.sup.S]methionine-labeled 
proteins from RIN 5AH cells extracted in Triton X-114 
detergent as described previously (7). Immunoprecipitates 
were treated with trypsin (0.1 mg/ml) before sodium 
dodecyl sulfate-polyacrylamide electrophoresis and 
autoradiography. Serum samples were regarded as 
positive for antibodies to tryptic fragments of islet 64-kDa 
antigens if a band corresponding to the appropriate 
polypeptide could be detected on the autoradiogram. 
Antibody activities on positive samples were quantified by 
densitometric scanning of bands on autoradiograms 
expressing band density relative to that in a standard 
antibody-positive serum used in previous studies. Using 
this assay, antibodies to 37-and/or 40-kDa antigens were 
detected in 21 of 27 patients with newly diagnosed IDDM 
and in 0 of 26 control subjects (14). 

ICA subtypes. ICAs have been subclassified on the basis 
of the ability of rat brain homogenate to inhibit islet staining 
in the ICA assay. This has been shown to correlate with 
staining pattern; those ICAs inhibited by rat brain 
homogenate give a [beta]-cell selective or restrictive 
pattern, while those not inhibited give a whole islet or 
unrestricted pattern (15). Inhibition experiments were 
performed on samples with ICAs [greater than or equal to] 
20 JDF U using Wistar-Furth rat brain homogenate. Sera 
were preincubated overnight with either rat brain 
homogenate or homogenate buffer. Each was titered to 
end point in phosphate-buffered saline and tested in the 
ICA assay (15). Sera were classified as inhibited if the 
end-point titer in the sample preincubated with rat brain 
homogenate was two or more doubling dilutions less than 
that preincubated with homogenization buffer only. A 
control serum in which ICA staining was completely 
inhibited by rat brain homogenate and one in which 
staining was not inhibited were included in each assay. 

Statistical analysis. Life tables were used to estimate the 
time to development of IDDM. Follow-up time for each 
subject was calculated from the date when ICAs [greater 
than or equal to] 10 JDF U were first detected. The start of 
insulin treatment was used as the date of diagnosis of 
IDDM. [x.sup.2] testing was used to assess associations 
between antibodies and with age. Survival experience was 
compared using the Lee-Desu statistic in SPSS-PC. Point 
estimates of risk are quoted as cumulative risk (95% 
confidence interval [CI]). 

RESULTS 
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Prevalence of autoantibodies. The combinations of 
antibodies detected in individuals grouped according to 
level of ICAs are shown in Fig. 2. Thirty-six individuals had 
iCAs alone, 38 had ICAs and one other antibody, 16 had 
two others, 7 had three others, and 4 had all the antibodies 
tested. ICAs [greater than or equal to] 80 JDF U were most 
frequent in children in the lowest age quartile, < 13,2 years 
of age (P = 0.03). Antibodies to 37-and/or 40-kDa antigens 
were more frequent in those with ICAs [greater than or 
equal to] 80 JDF U (P < 0,0001) and in children in the 
lowest age quartile (P = 0.04), but lAAs and GAD 
antibodies were not significantly associated with ICA titer 
or age. There were no significant associations between 
lAAs, antibodies to GAD, and antibodies to 37-and/or 
40-kDa antigens. Multiple antibodies were detected more 
frequently in individuals with ICAs [greater than or equal 
to] 80 JDF U(P< 0.05). 

[CHART OMITTED] 

Family members who developed IDDM during followup. 
The characteristics of the 18 family members who 
developed IDDM and the autoantibodies detected are 
shown in Table 1. The median time to diagnosis of IDDM 
was 2.7 years. 

[TABULAR DATA OMITTED] 

Effect of age. Of the 25 individuals who were < 13.2 years 
of age at entry into the study, 10 developed IDDM, 
compared with 4 of 25 family members in the second age 
quartile (aged between 13.2 and 19.5 years), 3 of those in 
the third quartile (aged 19.5 to 40.7 years), and 1 in the 
highest age quartile. The cumulative risk of diabetes within 
10 years was 62% (CI 33-92%) in the youngest age-group, 
40% (CI 6-75%) in the second quartile, 35% (CI 0-74%) in 
the third quartile, and 4% (CI 0-22%) in those > 40.7 years 
of age (P = 0.02). 

Quantitative measurement of ICAs. Of the 49 individuals 
with ICAs between 10 and 19 JDF U, 5 developed IDDM; 
the cumulative risk of IDDM within 10 years in this group 
was 34% (CI 8-60%). Of the 38 with ICAs of 20-79 JDF U, 
7 became diabetic, giving a 10-year cumulative risk of 52% 
(CI 16-88%). Of the 14 with ICAs [greater than or equal to] 
80 JDF U, 6 developed IDDM. The cumulative risk of 
IDDM within 5 years was 63% (CI 33-100%). Only one 
individual in this group remained nondiabetic after 5 years 
of follow-up. The survival curves were significantly different 
in the three groups (P < 0.0001) (Fig. 3A). 

[CHART OMITTED] 

ICA subtype. Inhibition of ICA staining with rat brain 



homogenate could be examined in 44 individuals with high 
titer ICAs ([greater than or equal to] 20 JDF U); this 
method could not be applied to those with lower titers. 
ICAs were inhibited in seven; one of these developed 
IDDM after 5 years. Rat brain homogenate did not inhibit 
ICA staining in 29, and in 8 samples, the results were 
equivocal (combined risk 61% after 10 years, CI 31-90%). 
The risk of diabetes was not significantly increased by the 
exclusion of individuals in whom ICA staining was not 
inhibited. 

lAAs. lAAs were positive in 37 family members, of whom 
1 1 developed IDDM after a median follow-up of 3.2 years. 
The cumulative risk after 10 years was 84% (CI 55-100%) 
in [IAA.sup.+] and 23% (CI 6-41%) in [lAA.sup.-] 
individuals, and the survival curves were significantly 
different (P = 0.03). Five family members developed 
diabetes between 4 and 8.5 years after entry, so that after 
only 5 years of follow-up, there was no significant 
difference in survival curves of [IAA.sup.+] and [lAA.sup.-] 
groups (cumulative risk at 5 years 25% [CI 7-42%] in 
[IAA.sup.+] vs. 12% [CI 2-22%] in [lAA.sup.-]) (Fig. 3B). 

[CHART OMITTED] 

GAD antibodies. Antibodies to GAD were detected in 40 
family members overall and in 12 of those who developed 
diabetes. The difference in the survival curves for groups 
with and without GAD antibodies after 10 years was not 
statistically significant (P = 0.18) (Fig. 3C). 

[CHART OMITTED] 

Antibodies to 37-and 40-kDa antigens. Antibodies to the 
37-and 40-kDa islet antigens were found in 13 individuals. 
An additional four had antibodies to the 40-kDa antigen 
only. Nine of the patients who developed IDDM had 
antibodies to one or both antigens. All of these developed 
diabetes within 5 years of study entry. The median time to 
diabetes was 1 .5 years. The cumulative risk of IDDM 
within 5 years was 76% (CI 46-100%) in those with 37-kDa 
antibodies compared with 7% (CI 0-15%) in those without 
(P < 0.0001). After 10 years, a total of nine cases had 
been diagnosed in 37/40 kDa antibody-negative family 
members, and the risk in this group was 38% (C1 17-60%) 
(Fig. 3D). The cumulative risk of IDDM within 5 years in 
those with antibodies to 40-kDa antigen was 61% (CI 
33-85%). 

[CHART OMITTED] 

Combining autoantibodies. The risk of diabetes increased 
with the number of antibody specificities detected. Of 36 
individuals (36% of the cohort) with ICA alone, only 1 
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developed IDDM. The cumulative risk of IDDM within 10 
years in this group was 6% (CI 0-18%). Of the 38 
individuals with ICA and one other autoantibody, 3 
developed IDDM; the cumulative risk of IDDM by 10 years 
was 27% (CI 0-54%). The group of 27 family members 
who had at least three of the five autoantibodies tested 
contributed 14 of the 18 cases in the study (median time to 
diabetes 2.0 years, range 0.2-8.5 years), and the 
cumulative risk of IDDM within 10 years was 88% (CI 
66-100%) (Fig. 4). 

[CHART OMITTED] 

This effect was also seen in family members with 
moderate levels of ICAs. Of the cohort, 87 had ICAs 
between 10 and 79 JDF U and 35 had ICAs alone; one of 
these developed IDDM, giving a cumulative risk of IDDM 
by 10 years of 6%. An additional 38 had this level of ICA 
and a single additional antibody; 3 of these developed 
IDDM, giving a cumulative risk of IDDM within 10 years of 
30%. Of the 19 individuals with this level of ICA in 
association with two or more additional antibodies, 8 
developed IDDM, and the cumulative risk of IDDM within 
1 0 years was 84% (CI 56-1 00%). 

The relationship between risk of diabetes and the number 
of antibodies appeared to be independent of age. The risk 
increased with the number of antibodies within each age 
quartile. in the youngest quartile, the cumulative risk of 
IDDM within 10 years associated with ICAs alone was 0%, 
with two antibodies was 12%, and with three or more 
antibodies was 88% (P = 0.003). In the second quartile, 
the risks were 15, 50, and 100% (NS); in the third quartile, 
risks were 0, 20, and 63% (NS), and in the oldest quartile, 
they were 0, 0, and 67%, respectively (P = 0.03). 

Family members with three or more autoantibodies, who 
were 37-and/or 40-kDa antibody positive, had a median 
time to diagnosis of 1 .5 years compared with 7.2 years in 
those with ICAs, lAAs, and GAD antibodies in the absence 
of 37-or 40-kDa antibodies. The cumulative risks of IDDM 
within 5 years were 64% (CI 37-91%) in the former group 
and 9% (CI 0-25%) in the latter. By 9 years, however, the 
cumulative risk of IDDM in those with ICAs, lAAs, and 
antibodies to GAD in the absence of 37-or 40-kDa 
antibodies was 100%, and the survival curves over the 
whole study period were not significantly different. 

Changes in autoantibodies before diagnosis. Serial 
samples were examined from 14 of the family members 
who developed diabetes. Up to four samples per case 
were tested. Most individuals showed the same 
combination of antibody specificities throughout follow-up. 
The only changes in lAAs and antibodies to GAD were that 



improves prediction of IDDM in islet 

one child (case 5) was [lAA.sup.-] at study entry but had 
high levels of the autoantibodies 4 months before 
diagnosis, and one parent (case 18) had GAD binding of 
85% at study entry 8.1 years before diagnosis, but this 
was within the normal range in later samples. Sequential 
samples were tested from eight of nine individuals who 
were initially 37-and 40-kDa antibody negative and who 
later developed diabetes. These latest samples were taken 
between 0.3 and 2.7 years before insulin was started. Only 
one individual (case 10) appeared to develop 37- or 
40-kDa antibodies between entry into the study and onset 
of diabetes. The antibodies were weakly positive for the 
first time in the last sample taken 2.7 years before 
diagnosis, having been negative in samples taken 30 and 
18 months earlier. 

DISCUSSION 

All screening procedures aim for high sensitivity, to avoid 
missing future cases, combined with sufficient specificity to 
avoid false-positive results and unnecessary treatment. 
These aims inevitably conflict, because the specificity of a 
screening method is reciprocally related to its sensitivity. 
The more confident we become that individuals in a certain 
category will develop diabetes, the greater the proportion 
of those at risk we thereby exclude from the possible 
benefits of intervention. Highly sensitive prediction of 
IDDM in family members can be achieved with ICAs, 
provided an assay with a low detection threshold is used 
(2)(3). In the Gainesville study, 13 of 40 future cases had 
ICAs < 10 JDF U at entry into the study (3), while current 
analysis of the Bart's-Windsor and Bart's-Oxford family 
studies shows that 7 of 28 future cases were [ICA.sup.-] (< 
4 JDF U) at entry, and that 3 of these had detectable ICAs 
during follow-up. We set out to develop an approach that 
would retain the sensitivity of ICAs as an initial screening 
procedure, while enhancing their predictive value by 
combined analysis with other diabetes-associated 
autoantibodies. 

High-titer ICAs offer more specific prediction (2), but 
raising the ICA threshold from 10 to 20 JDF U only 
increased the cumulative risk from 43 to 53% after 10 
years, while excluding 5 of 18 cases. Some ICAs are 
inhibited by rat brain homogenate, stain predominantly 
[beta]-cells ([beta]-cell-selective or restricted ICAs), and 
carry a lower risk of progression than ICAs that are not 
inhibited by rat brain homogenate (15)(16). These 
differences in ICA can currently only be assessed in sera 
with higher titers of ICA; only 44 could be evaluated, of 
which 7 were inhibited. Although this subtype was 
associated with a relatively low risk of IDDM, elimination 
from the analysis of those with ICAs [greater than or equal 
to] 20 JDF U only raised the cumulative risk from 53 to 
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61% (not significant). 

lAAs and antibodies to GAD and to 37- and 40-kDa islet 
antigens are all strongly associated with IDDM. lAAs and 
antibodies to 37- and 40-kDa antigens achieved a 
significant increase in cumulative risk in [ICA.sup.+] 
individuals, but in each patient, this was associated with 
loss of sensitivity. lAAs were the most useful marker in 
combination with ICAs, increasing the risk at 10 years to 
84%, but seven cases were [lAA.sup.-] at initial testing. In 
contrast with previous studies (17), lAAs did not 
distinguish those with rapid onset of disease. Antibodies to 
GAD were present in 66% of those who progressed to 
diabetes but did not significantly increase the level of risk. 
Antibodies to 37-kDa antigen were, in contrast, highly 
specific markers for IDDM, associated with a 76% risk of 
IDDM within 5 years, but were found in only 50% of future 
cases. This confirms observations in monozygotic twins 
discordant for IDDM (12) and patients with polyendocrine 
autoimmunity (18). 

Clear advantages emerged when all the markers were 
analyzed in combination. We found that 27 of the original 
cohort and 14 of 18 of those [ICA.sup.+] relatives who 
progressed to diabetes had two or more additional 
autoantibodies (Fig. 4). In other words, 78% of future 
cases came from 27% of the [ICA.sup.+] population. 
Life-table analysis shows that individuals in this category 
have an estimated 88% risk of developing diabetes within 
10 years, irrespective of the presence or absence of 
metabolic abnormalities. 

ICAs [greater than or equal to] 80 JDF U are associated 
with a very high risk of progression to IDDM, and excluding 
those with ICA staining inhibited by rat brain homogenate 
from the analysis increased the cumulative risk to 100% 
within 5 years. There is, therefore, little scope for 
improving prediction in this group. Only 6 of 18 individuals 
who progressed to IDDM fell into this category, however. 
Since 12 cases came from those with ICAs from 10 to 79 
JDF U, conferring a cumulative risk of only 17% within 5 
years and 40% within 10 years, this is the category within 
which we need to improve prediction. Our analysis - 
suggests that this can be achieved by considering 
antibody markers in combination. Overall, 87 individuals 
had ICAs from 10 to 79 JDF U, and identification of those 
with at least two other autoantibody species enabled us to 
characterize a subgroup of 19 with an 84% risk of diabetes 
within 10 years. The approach is useful even with ICAs of 
10-19 JDF U, because those with two other autoantibodies 
had a 63% risk of IDDM within 10 years. lAAs and 
antibodies to GAD proved particularly useful in those with 
ICAs between 10 and 79 JDF U. The detection of lAAs 
and/or antibodies to GAD identified over half the cases 



and were associated with risk at 10 years of 81 and 63%, 
respectively. Antibodies to 37- and 40-kDa antigens were 
associated with high titer ICAs and did not improve 
prediction in those with lower titers. 

Because the risk of progression to diabetes is inversely 
related to age, and because children are more likely to 
have high levels of ICAs, antibodies to 37 kDa, and 
multiple antibodies, our findings might simply reflect these 
associations. This does not appear to be the case. A 
gradient of risk existed even within the youngest quartile, 
such that no children with ICAs alone developed IDDM, 
those with one other antibody had a cumulative risk within 
10 years of 12%, and all those with two or more other 
antibodies developed diabetes. A similar pattern of risk is 
found at all ages. ICAs alone confer a low risk of IDDM in 
any age-group, while individuals with three or more 
antibodies had a cumulative risk of IDDM of 100% if aged 
< 20 years and of 66% if older than this. Analysis of the 
risk associated with different levels of ICAs, with lAAs, and 
with antibodies to GAD showed that the gradient of 
cumulative risk was similar within each age-group. 

These findings imply that the intensity and range of the 
humoral autoimmune response determines overall risk. 
Our approach can therefore readily be extended to other 
candidates on the ever-growing list of anti-islet antibodies 
(19). Antibody type may, however, influence time to 
diabetes; antibodies to the 37- and 40-kDa antigens were 
detected when clinical onset of diabetes was imminent, 
while the combination of ICAs, lAAs, and antibodies to 
GAD was associated with a similar risk of diabetes over 
the 10 years, but was also found in those in whom clinical 
onset of diabetes was delayed. Antibodies to 37 or 40 kDa 
therefore appear to be associated with both high-titer ICAs 
and rapid progression to diabetes. Examination of 
sequential samples suggests that levels of antibodies to 
37- and 40-kDa antigens change little during the disease 
prodrome, rather than appearing toward the time of 
diagnosis. This, in turn, suggests that they reflect true 
differences in the underlying disease process and not just 
a stage in its development. 

An individual's probability of developing diabetes can be 
set out as a decision tree. Family history is the first major 
risk determinant, and the sibling of a child with IDDM 
within our region has an \3% risk of becoming diabetic 
within 10 years (1), rising to 43% in those with ICAs 
[greater than or equal to] 10 JDF U, and to 88% with the 
screening strategy we propose (Fig. 5). Even higher 
specificity can be achieved in those with loss of the 
first-phase insulin response in the intravenous glucose 
tolerance test (4), but metabolic screening of [ICA.sup.+] 
individuals will miss the majority of the at-risk population, 
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at least from a single screening point (1). Further, those it 
identifies are likely to have advanced [beta]-cell damage, 
with a correspondingly reduced margin of benefit from 
therapy. We have estimated that ICAs are much less 
predictive of diabetes in those with no family history of the 
disease (20) and have proposed a screening strategy 
based on sequential analysis of genetic and immune 
markers for the general population. In family members, 
however, a logical approach would be to use ICA as the 
initial screen, using a low threshold assay, followed by 
testing for other antibodies in those who screen positive. 
Metabolic testing could then be used to its best effect 
within the high-risk category to identify those with and 
without end-stage prediabetes. The decision tree approach 
is sufficiently flexible to allow other characteristics, such as 
age (3), to be taken into account, and could allow precise 
targeting of those individuals who might benefit most from 
therapy. 

[CHART OMITTED] 

In conclusion, ICAs, despite technical limitations, remain, 
sensitive markers of future IDDM. Prognosis is strongly 
related to the number of antibody specificities detected. 
The practical implication is that a single screening test 
promises to identify > 75% of future cases of IDDM in 
[ICA.sup.+] relatives, including those with relatively low 
levels of ICAs. The presence of antibodies to the 37- and 
40-kDa antigens may supplement metabolic testing as an 
indication of the rate of progression to diabetes. This 
approach offers a simple potential means to identify 
candidates for intensive follow-up and for secondary 
prevention. 
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Autoantibodies to Glutamic Acid 
Decarboxylase and Insulin in Islet Cell 
Antibody Positive Presymptomatic Type 
1 Diabetes Mellitus: Frequency and 
Segregation by Age and Gender 

P.Z. Zimmet ab , R.B. Elliott 1 , I.R. Maclcay", T. Tuomi", M.J. Rowley", C.C. Pilcher*, 
W.J. Knowles* 

t 

Internationa! Diabetes Institute, Caulheld General Medical Centre*, 
Centre for Molecular Biology and Medicine, Monash University, 
Melbourne, Australia*, Department of Pediatrics, School of 
Medicine, University of Auckland, New Zealand*, and Miles 
Research Laboratories, West Haven, Connecticut, USA* 

The frequency of antibodies to glutamic acid decarboxylase (GAD) and insulin (IAA) in 
presymptomatic Type 1 diabetes mellitus with a positive test for antibodies to islet cell 
antigen (ICA) was examined. Thirty-two persons positive for ICA (> 10 JDF units) were 
tested 2 to 48 months before their ascertained onset of Type 1 diabetes. ICA was 
quantitated by immunofluorescence as JDF units, anti-GAD by radioimmunoprecipitation 
and anti-insulin by radioimmunoassay. There was a positive test for anti-GAD in 25 
(78 %), and for IAA in 23 (72 %), of the 32 prediabetic ICA-positive subjects. Stratification 
according to age at the onset of diabetes showed differing frequencies of anti-GAD and 
IAA in the prediabetic stage. Thus the positfvity rate for anti-GAD for 1 8 subjects older 
than 10 years at onset of diabetes was 83 %, and for 14 aged 10 or younger at onset 
was 71 %; conversely, the rate for IAA for 18 subjects older than 10 at onset was 56 % 
and for 14 aged 10 or less at time of onset was 93 % (p = 0.01). The frequency of anti- 
GAD was higher in females (88 %) than males (71 %) whereas the frequency of IAA was 
higher in males (82 %) than in females (60 %). Since autoantibodies to GAD and insulin 
occur in presymptomatic Type 1 diabetes with differences in frequencies by age and 
gender, the stimuli to autoimmunity may operate differently at different ages, and may 
also be gender-related. 

key words Type 1 (insulin-dependent) diabetes mellitus Islet cell autoantibodies 
Autoantibodies to glutamic acid decarboxylase Insulin autoantibodies 



Introduction 

Type 1 (insulin-dependent) diabetes mellitus develops as 
a result of immunologically mediated destruction of 
pancreatic islet beta-cells in genetically susceptible 
individuals. 1 This is a chronic process in which there is 
a latent period of some years, 2 the presymptomatic or 
'prediabetes' phase. Persons at risk of developing Type 
1 diabetes can be recognized by the presence of 
autoimmune serological reactions 3 ' 4 and decline in beta- 
cell insulin secretory capacity. 3 

First degree relatives of persons with Type 1 diabetes 
have an increased risk of developing diabetes. 4 Autoanti- 
bodies to islet cell cytoplasm (ICA), 5 ' 6 insulin (IAA) 7 or 
the 64 kD antigen 8 - 9 now identified as glutamic acid 
decarboxylase (anti-GAD), 10 have been described in 
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relatives in their prediabetic phase as long as 10 years 
before the onset of symptoms. These serological reactions 
could therefore predict the development of Type 1 
diabetes. Also, individuals with prediabetes or recent 
onset Type 1 diabetes have augmented T lymphocyte 
responses to GAD, 11 suggesting that an autoimmune 
response to GAD is the initial determinant of Type 1 
diabetes. 12 

ICA are known to be highly and specifically predictive 
of Type 1 diabetes in first degree relatives. 13 The 
predictive capacity of other autoantibodies has been less 
well studied although it has been suggested that anti- 
GAD may be equal to or superior to ICA in this respect. 4 
In this paper, we compare the frequency of anti-GAD 
and IAA in stored sera from 32 Type 1 diabetic individuals 
selected for study according to a positive test for ICA in 
the prediabetic phase. 
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Patients and Methods 

Patients 

The 32 study subjects, all of European descent, attended 
the Department of Paediatrics, School of Medicine, 
Auckland, New Zealand prior to the diagnosis of Type 
1 diabetes. Their age at the clinical onset of Type 1 
diabetes, sex, the method of ascertainment, and the 
period between the initial blood sample and the onset 
of overt diabetes are shown in Table 1. The subjects 
studied included all first degree relatives and some 
distant relatives of patients with Type 1 diabetes, and 
healthy children in a population-based school survey 
selected as previously described. 14 The 32 subjects (17 
males, 15 females) who gave a positive test for ICA at 



a level of 2= 10 JDF units included 23 (72 %) first degree 
relatives; all were kept under surveillance for a mean 
period of 14.2 months, range 2 to 48 months. The single 
blood sample tested for the present study was the latest 
available before the diagnosis of diabetes was established. 

Methods 

Islet cell antibody was determined by indirect immuno- 
fluorescence on cryostat sections of human pancreas. 15 
The Auckland laboratory participates in the International 
ICA proficiency programme under the auspices of the 
Juvenile Diabetes Foundation (JDF); results from the 
laboratory have a validity, consistency, sensitivity, and 
specificity of > 95 % at all levels of positivity expressed 



Table 1 Summary of findings for islet cell autoantibodies (ICA), insulin autoantibodies (IAA) and antibodies to 
CAD Kin me first^rum sample obtained from the 32 Type 1 diabetic patients tested 2 to 48 months 
before onset of diabetes 



Subject Age at clinical 
onset (yr) 



Sex 



Ascertainment 



Prediabetic 
period 
(months) 



Autoantibodies 



ICA 
(JDF units) 



IAA" 
(units) 



Anti- 
GAD* 
(units) 



1 


2 


M 


2 


3 


F 


3 


5 


F 


4 


5 


M 


5 


6 


M 


6 


7 


F 


7 


8 


M 


8 


9 


M 


9 


9 


F 


10 


9 


F 


11 


9 


F 


12 


10 


F 


13 


10 


F 


14 


10 


F 


15 


11 


F 


16 


11 


M 


17 


11 


M 


18 


11 


M 


19 


12 


M 


20 


12 


F 


21 


12 


M 


22 


13 


M 


23 


14 


F 


24 


15 


F 


25 


15 


M 


26 


16 


M 


27 


22 


M 


28 


23 


M 


29 


31 


F 


30 


35 


M 


31 


35 


M 


32 


48 


F 



First degree relative 
First degree relative 
First degree relative 
First degree relative 
School study 
School study 
First degree relative 
First degree relative 

School study 
First degree relative 
First degree relative 

Family history 1 * 
First degree relative 

School study 
First degree relative 
First degree relative 

Family history* 
First degree relative 
First degree relative 

Family history b 
School study 
_,First degree relative 
First degree relative 
First degree relative 
First degree relative 
First degree relative 
First degree relative 
First degree relative 

Family history b 
First degree relative 
First degree relative 
First degree relative 



3 


640 


86.9 


19 


640 


275 


13 


> 320 


63.8 


3 


> 320 


4.1 


4 


320 


12.6 


6 


> 320 


3.2 


9 


> 320 


152.1 


14 


> 320 


37.1 


15 


40 


2.5 


17 


> 320 


39.7 


17 


> 320 


39.7 


16 


>320 


17.5 


2 


20 


3.0 


12 


40 


4.2 


15 


10 


1.8 


11 


320 


4.2 


4 


80 


5.3 


28 


320 


12.6 


10 


80 


6.4 


18 


1280 


1.2 


18 


40 


157 


24 


10 


1.4 


6 


> 320 


0.6 


16 


80 


3.3 


24 


40 


0.8 


15 


40 


9.4 


10 


> 320 


1.3 


11 


160 


381.8 


48 


80 


0.8 


16 


> 320 


19.8 


16 


> 320 


19.8 


14 


160 


0.7 



Frequency (positive cases) 



"The upper limit of normal is defined as 2.9 units for tAA and 18 units for anti-GAD. 
b Remote relative. 
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100% 



11 

31 
51 
17 
12 
18000 
14000 
1000 
59 
900 
900 
14 
53 
78 
3 750 
54 
36 
775 
37 
3 750 
10 
8 
17 
78 
200 
74 
61 
4375 
71 

45 000 
15000 
16000 



71.9% 78.1% 
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as JDF units, and findings relating to this have been 

reported previously. 15 

Antibody to glutamic acid decarboxylase was measured 
by a well-validated immunoprecipitation assay. 16 ' 17 CAD 
was purified from porcine brain by affinity chromatogra- 
phy, iodinated with ,2S I and preabsorbed with pooled 
normal human serum. The iodinated GAD contained 
100000 counts per min after preabsorption. Test sera in 
duplicate at a dilution of 1:2 were added and held 
overnight at 4 °C. Immune complexes were precipitated 
with protein A-Sepharose, and the radioactivity was 
measured. The level of ,anrj-GAD in the samples was 
expressed as units of activity by comparing counts 
precipitated by test sera with counts precipitated by a 
reference serum defined to contain 100 U of activity, at 
a dilution of 1:2. Each assay run included the positive 
reference serum, known high positive, low positive and 
negative sera, and several sera from normal blood 
donors. The coefficients of variation for inter-assay and 
intra-assay replicates for a high positive serum (100 units) 
were 9 % (n = 13) and 7 % (n = 20), respectively, and 
for a low positive serum (30 units) were 14 % (n = 13) 
and 8 % (n = 20), respectively. 17 The levels of anti- 
GAD in 76 blood donors ranged from 4 to 18 units and 
were normally distributed with mean (±SD) of 9 (±3) 
units; thus 18 units (mean 4- 3 SD) was taken to define 
the upper normal limit. 17 With levels of anti-GAD in 
the range of 20-80 units in the immunoprecipitation 
assay there is a linear relationship between serum 
concentration and counts of labelled antigen precipitated, 
with a plateau at around 100 units. Accordingly, 
strongly reactive sera that gave values > 80 units in the 
immunoprecipitation assay were titrated in doubling 
dilutions and the end point was converted to assay 
units. 17 This assay was shown to have 100 % validity, 
sensitivity, and specificity in the 1st International Immu- 
nology and Diabetes Workshop on assays for anti-GAD. 

IAA was measured by radioimmunoassay as described 
by Ziegler et a/. 18 and standardized according to 
the procedure developed at the Joslin Clinic, Boston, 
Massachusetts, USA, by serum exchange through the 
courtesy of Dr G. Eisenbarth, Boston. In the assay 
procedure, essentially that reported by Vardi et a/., 19 
75 |il samples of serum were incubated with 25 jxl 
0.04 M phosphate buffer, pH 7.5, 0.05 % bovine serum 
albumin, and 0.025 % bovine gamma globulin. Another 
set of sera was incubated with 25 jjlI of the same 
phosphate buffer above, containing 4 u,g ml" 1 synthetic 
human insulin (Eli Lilly). 100 u,l 125 l-porcine insulin was 
added to all tubes (10000 cpm). This insulin was 
labelled locally and purified by polyacrylamide gel 
electrophoresis; the specific activity was 80 }J Ci u.g" 1 . 
Tubes were vortexed and spun to ensure all liquid was 
at the bottom of the tube, and held at 4 °C for 7 days. 
All tubes were counted for 1 min before precipitation 
with 1.5 ml cold 14.3 % polyethylane glycol (PEC) in 
Veronal buffer, pH 8.6, and 0.1 % Tween 20. The tubes 
were spun for 30 min at 4 °C, and the supernatant 



decanted and pellets washed twice with 11 % PEG in 
Veronal buffer. The pellets were drained for 10 min and 
counted for 10 min. The following calculation was used 
to derive a value for IAA: 

average cpm of pellets without cold insulin 
average total count 

average cpm of pellet with cold insulin 
average total count 

Rather than adjusting values using the specific activity 
of tracer, as in Vardi et a/. 19 , we established an in- 
house standard by diluting an acquired insulin antibody 
to give a binding of 10 %. When the above calculation 
is multiplied by 1000, this in-house standard should give 
a value of 100 units; the values in each assay , were 
adjusted up or down so that the standard always reads 
100 units. We have adopted this approach to compensate 
for different batches of 125 l insulin and radio-label 
damage. The results are expressed as radioimmunoassay 
units, and levels of s 3.0 units were considered positive, 
derived from 3SD above the mean (0.4 ± 0.9) for 105 
normal subjects. In the two most recent Immunology 
and Diabetes Workshops, the assay performed with 
average 82 % sensitivity, 94 % specificity, 86 % validity, 
and 93 % consistency. The coefficient of variation at 
borderline values of 3.0 units is ± 22 %, but less at 
higher values. 

Statistical Analysis 

The statistical comparisons employed X 2 analysis with 
Yates correction. 

Results 

The levels of ICA, anti-GAD, and IAA for the 32 subjects 
who later developed Type 1 diabetes are shown in Table 
1. As a criterion for inclusion, all patients were positive 
for ICA at levels from 10 to 1280 JDF units before 
diagnosis of diabetes. Anti-GAD was detected in 25/32 
(78 %), up to 48 months before diagnosis, and levels 
ranged from 31 to 45000 units. IAA was detected in 23/ 
32 (72 %), and levels ranged from 3.0 to 382 units. In 
terms of concordance between autoantibodies before the 
diagnosis of diabetes, anti-GAD and IAA were present 
together in 1 8 (56 %) of the 28 subjects tested for both 
antibodies, anti-GAD was present singly in 7 (22 %), 
IAA were detected singly in 5 (16%), and neither 
antibody was detectable in 2 (6 %). Thus either anti- 
GAD or IAA, or both, were present in 94 % of the 
subjects. 

When the type of autoantibody present was examined 
according to the age of onset of Type 1 diabetes, there 
was a difference in frequency of anti-GAD and IAA, as 
shown in Table 2. Stratification of cases according to 
age at the time of eventual onset of symptomatic Type 
1 diabetes showed that anti-GAD was non-sign ificantly 
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Table 2. Frequency of autoantibodies to GAD (anti-CAD) and insulin (IAA) in prediabetic subjects 
according to age at eventual time of diagnosis of Type 1 diabetes. The figure shows data when stratification 
for onset of symptomatic Type 1 diabetes is at is 10 or > 10, 2s 12 or > 12 and ^ 15 or > 15 years of 
age 



Autoantigen 
positive 






Age of onset (yr) 






s 10 
(n - 14) 


> 10 
(n - 18) 


s; 12 > 12 
(n = 21) (n - 11) 


< 15 
in = 25) 


> 15 
(n = 7) 


Anti-GAD 
IAA 


71.4% (10) 
92.9 %■ (13) 


83.3 % (15) 
55.6 % (10) 


76.2 % (16) 81.8 % (9) 
76.2 % (16) .45.5 % (5) 


72 % (1 8) 
76 % (19) 


100 % (7) 
57.1 % (4) 



V 551 5.42 (p = 0.02) for IAA in * 10 vs > 10 year group. 
Figures in parentheses represent number of cases. 



more prevalent in cases with an older age at onset than 
a younger age at onset, whereas IAA was significantly 
more prevalent in subjects with a younger age at onset. 
The data for a stratification at 10 years or less or older 
than 1 0 years show positivity rates for anti-GAD of 83 % 
(15 of 18 subjects) versus 71 % (10 of 14 subjects) 
whereas for IAA the corresponding rates were 56 % (10 
of 18 subjects) versus 93 % (13 of 14 subjects) (p = 0.01 
for IAA). The corresponding data for stratification at 
onset 12 years and 15 years are also shown in Table 2. 

A gender difference was also noted for both anti-GAD 
and IAA. The frequency for positivity of anti-GAD was 
71 % and 87 % for males and females, respectively, 
whereas the reverse applied for IAA, i.e. 82 % for males 
and 69 % for females. These findings were further 
examined in relation to the sex-^age distribution of anti- 
GAD and IAA, either separately or in combination, in 
the sera of these prediabetic subjects. Those who were 
positive only for IAA were predominantly male (M:F 
ratio 4:1) and had a median age of onset of diabetes at 
6 years, whereas those that were positive only for anti- 
GAD were predominantly female (M:F ratio 2:5) and 
had a median age of onset of 15 years. Subjects positive 
For both IAA and anti-GAD had an equal sex distribution 
and a median age of onset of 10 years (Table 3). 



Discussion 

'Preclinical diabetes' describes a state in which healthy 
individuals are presumed to have the histological lesion 
of Type 1 diabetes (insulitis) which will progress to overt 
IDDM over months or years. Seemingly no more 
than 200 individuals world-wide have been studied 
prospectively from non-diabetes to insulin dependency. 
In this study we examined the autoantibody profile of 
32 such individuals identified initially by the presence 
of a positive test for 1CA; of these, 25 (78 %) were 
positive for anti-CAD and 23 (72 %) for IAA. This 
frequency of anti-CAD in prediabetes is consistent with 
that of 74 % in 27 ICA-positive children with newly 
diagnosed Type 1 diabetes studied in Perth, Western 
Australia. 17 In that study, there were 1 1 patients positive 
for anti-GAD but negative for iCA, and presumably such 
anti-GAD positive and ICA-negative individuals would 
also occur in preclinical diabetes. However, the design 
of the present study precluded their identification. 
Our results, which confirm earlier observations on 
predictability of Baekkeskov et a/. a and Atkinson e£ a/. 9 
pertaining to antibodies to the 64 kD antigen, were 
derived from a radioimmunoprecipttation assay using 
porcine brain GAD that is applicable to routine laboratory 



Table 3. Frequency and case characteristics according to combinations of autoantibodies to 
insulin (IAA) and GAD (anti-GAD) in 32 subjects with prediabetes 





IAA+ 


IAA+/anti- 


anti-GAD+ 


IAA-/anti CAD 




n = 5 (16 %) 


GAD-h . 


n = 7 (22 %) 


n = 2 (6 %) 


Sex (M:F) 


4:1 


10:8 


2:5 


1:1 


Age (yr) 


6 


10.5 


15 


13,14 




(2-12) 


(3-35) 


(9-48) 




Prediabetic (months) 


4 


13.5 


15 


10,6 




(3-18) 


(4-28) 


(10-^8) 




IAA (units) 


17.5 


16.2 








(4.1-157) 


(3.0-382) 






Anti-CAD (units) 




427 


200 








(31^5 000) 


(59-16000) 





Results as median (range). 
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use 16 It provides a positivity rate of 69-80 % in 
newly diagnosed patients with rapid onset Type 1 
diabetes 16 - 17 ' 20 similar to that in adults with a slow 
evolution to insulin dependency. 21 " 23 In the present 
study group, selected according to positivity for ICA and 
mainly first degree relatives of subjects with Type 1 
diabetes and therefore at high risk,*- 13 a positive test for 
anti-GAD preceded the clinical onset of diabetes by at 
least 2 to 48 months. 

Given that some 90 % of future cases of Type 1 
diabetes will come from individuals with no family 
history of Type 1 diabetes, screening of populations tor 
preclinical diabetes cannot be based only on relatives 
of known cases, nor on the technically demanding test 
for ICA. On the other hand, immunoassays for anti-GAD 
and IAA appear more promising. 4 However, it would be 
useful to know whether there is a sequential recruitment of 
autoimmune reactions to the various islet cell antigens 
in human Type 1 diabetes, as claimed for the NOD 
mouse model in which GAD is a prime candidate auto- 
antigen for the induction of disease as well as a tolerogen 
that can prevent its occurrence. 2 "- 15 At present, there 
are no sequential studies to indicate whether any 
one of the diabetes-associated autoantibodies regularly 
appears first. Positive levels of anti-GAD in the present 
cases covered a wide range of titration units as high as 
45000. This does not seem to be in accord with the 
postulated protective effect of high levels of anti- 
GAD in prediabetic individuals as suggested by other 
workers 

Our present study based on the preclinical stage of 
diabetes revealed an inverse frequency of anti-GAD and 
IAA according to the age of onset of diabetes and gender. 
Thus the frequency of anti-GAD was 78 % for the ent.re 
group, but was higher in subjects who were post- 
adolescent than pre-adolescent at the time of onset of 
diabetes. The converse applied for IAA in that the 
frequency was 72 % for the entire group, but was much 
higher in those with an onset of diabetes in pre- 
adolescence. This is in accord with data of Atkinson et 
a/ 9 since 87 % (20/23) of their patients with Type 1 
diabetes with an onset at 10 years or after were positive 
for anti-GAD compared with only 60 % (3/5) in those 
with a younger age at onset. While there is a known 
higher frequency of IAA in patients who develop Type 
1 diabetes before puberty, 19 - 27 the higher frequency of 
anti-GAD in post-adolescent than pre-adolescent cases 
of Type 1 diabetes has not been reported. Moreover, 
there was an excess of IAA in males, and an excess of 
anti-GAD in females as previously reported. 17 

As judged by data from humans and NOD mice, an 
autoimmune reaction to GAD with a T lymphocyte 
dependency may well be a primary cause of Type 1 
diabetes, 24 - 25 and the present data and other studies 
from our laboratory on the presence of anti-GAD in the 
prediabetic phase of Type 1 diabetes are supportive of 
this. The alternative proposition, that the autoimmune 
response to GAD is secondary to destruction of the beta 
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islet cells of the pancreas from other causes, being 
consequential rather than causal and thus irrelevant to 
pathogenesis, is still invoked in relation to anti-GAD 
and various other autoimmune responses. However, there 
are few sustainable examples of persisting autoimmune 
responses accompanying ongoing tissue injury due to- 
identifiable extrinsic agents, although an initiating effect 
of extrinsic injury can seldom be excluded. 

Some 20-25 % patients with Type 1 diabetes, whethei 
preclinical or overt, remain negative for anti-GAD. This 
may be because a T-cell response to GAD predomi- 
nates 11 or because the autoimmune response is directec 
to islet cell autoantigens other than GAD. Notably 
entirely seronegative cases of Type 1 diabetes are quit, 
infrequent, at least among Caucasians; in particular 
newly diagnosed diabetic children in Sydney, Australia 
showed an autoimmune response to either GAD, islt 
cell cytoplasm or insulin, singly or in combination, i 
all but 6 % of 173 cases studied. 20 Our present finding 
of different frequencies of anti-GAD and IAA in relatio 
to age and gender suggests that different autoant.gen 
GAD insulin or others, may be dominant according 1 
circumstances. The reported differences in HLA typ. 
and autoantibody profiles in early onset and late ons 
Type 1 diabetes 28 " 30 could reflect HLA-dependent diffe 
ences in antigen presentation to T cells at different ag 
from infancy to adult life. Comparative assessment of ; 
three tests, ICA, IAA, and anti-GAD, including tl 
relative predictive value for subsequent Type 1 diabet 
for different age groups is now in progress in o 
laboratory. 
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Antibodies to islet 37k antigen, but not to glutamate decarboxylase, 
discriminate rapid progression to IDDM in endocrine autoimmunity. 
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Apart from islet cell antibodies (ICAs), antibodies to 
glutamate decarboxylase (GAD), insulin autoantibodies 
(lAAs), and a novel islet antigen (37k antigen) are potential 
markers for insulin-dependent diabetes meilitus (IDDM). 
GAD is also an antigen in stiff-man syndrome (SMS), and 
both SMS and IDDM are associated with ICAs and 
autoimmunity to other endocrine organs. We investigated 
possible links between antibody responses to islet 
antigens with autoimmunity to other endocrine organs and 
determined which specific antibodies can identify 
individuals who progress to IDDM. Antibodies to GAD 
were detected in [great than or equal to]90% of both 
diabetic and nondiabetic patients with ICAs and other 
endocrine autoimmunity, in 59% of ICA-positive IDDM 
patients without endocrine autoimmunity, in all patients 
with SMS, but in only 1-3% of healthy (nondiabetic) and 
autoimmune disease control subjects. GAD antibody levels 
were increased in ICA-positive IDDM patients with 
polyendocrine autoimmunity compared with those without. 
In contrast, antibodies to 37k antigen were only detected in 
patients who developed acute-onset IDDM. lAAs were also 
associated with IDDM. Thus, certain factors enhance 
antibody responses to GAD in polyendocrine 
autoimmunity, but this does not necessarily lead to 
development of IDDM or SMS. Antibodies to 37k antigen 
are strongly associated with acuteonset IDDM and are 
useful serological markers for disease. Diabetes 
43:1254-1259, 1994 

Insulin-dependent diabetes meilitus (IDDM) is an 
autoimmune disease first found to be associated with islet 
cell antibodies (ICAs) (1). More recently, antibodies to 
glutamic acid decarboxylase (GAD) have been detected in 
the majority of IDDM patients at and before onset (2-7), 
and T-cell reactivity against GAD has been reported in the 
peripheral blood of IDDM patients (8). However, GAD 
autoantibodies are not restricted to IDDM but are also 
detected in patients with stiff-man syndrome (SMS), a rare 
neurological disorder affecting the GABA-ergic 
([gamma]-amino-n-butyric acid) nervous system (8,10). 
GAD autoimmunity in SMS is strongly associated with the 
presence of other endocrine/organ-specific autoimmune 
manifestations (10). Interestingly, we have also detected 
GAD antibodies in nondiabetic [ICA.sup.+] patients with 
autoimmunity to other endocrine organs (1 1 ). Common 
features of SMS and polyendocrine autoimmunity may 
point to possible links between autoimmune responses to 
GAD and to other endocrine organs. In both of these 



[ICA.sup.+] populations, which are predominantly female, 
IDDM develops in only \30% of individuals, despite very 
high titers of ICAs (10,12). 

IDDM is associated with autoimmunity to islet antigens 
other than GAD, including insulin (13), and a 64,000 
[M.sub.r] antigen that is distinct from GAD (14,15). 
Antibodies to the latter antigen (37k antigen) can be 
detected by measuring antibody binding to 37,000 and 
40,000 [M.sub.r] fragments generated by tryptic proteolysis 
of the 64,000 [M.sub.r] antigen (14). Antibodies to the 37k 
antigen are more closely associated with progression to 
diabetes than are antibodies to GAD in identical twins of 
diabetic patients (16). In this study, we have investigated 
antibody responses to a variety of islet antigens in a cohort 
of patients with ICAs and other endocrine autoimmunity 
and have determined which of these antibodies identify 
individuals who progress to IDDM. 

RESEARCH DESIGN AND METHODS 

[ICA.sup.+] endocrine autoimmune patients. Endocrine 
autoimmune patients positive for ICA were selected from a 
large prospective study on the pathogenesis of IDDM (U.K. 
Polyendocrine Study) (12). The basis for recruitment was 
the detection of ICA on at least two occasions in the 
absence of IDDM and the presence of at least one other 
organ-specific antibody and/or organ-specific autoimmune 
disease. The project was initiated in 1985, and 186 
individuals are currently enrolled. Participants have been 
followed prospectively for the development of IDDM. Two 
groups of patients were selected for this study. The first 
group included all patients in the U.K. Polyendocrine Study 
who progressed to IDDM and who had a serum sample 
available before, or <1 year after, disease diagnosis. 
Seventeen patients (11 women) met these criteria, and the 
earliest serum sample and a serum sample drawn close to 
diabetes onset were selected for antibody analysis. Of 
these 17 patients, 9 required insulin at diagnosis of 
diabetes, and 1 additional patient required insulin 
treatment within.4 months of diagnosis of 
non-insulin-dependent diabetes meilitus (NIDDM) 
(acute-onset diabetes). The mean age ([+ or -] SE) at 
onset of IDDM for these patients was 51.0 [+ or -] 6.1 
years (range 17-75). The remaining 7 patients (4 women) 
had NIDDM at initial presentation and did not require 
insulin for >1 year (range 15-48 months) before 
progression to IDDM (slow-onset diabetes). In these 
patients, the mean age at diagnosis of IDDM was 54.3 [+ 
or -] 8.3 years (range 13-79). The second group consisted 
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of 20 patients (15 women) selected at random from 
participants in the U.K. Polyendocrine Study who had ICAs 
> 10 Juvenile Diabetes Foundation units (JDF U) and who 
had not developed diabetes on follow-up for at least 36 
months (mean 67.7 months, range 36-102). [ICA.sup.+] 
IDDM patients. A group of 22 patients (9 women) with 
acuteonset IDDM were included in the study. The mean 
age of the patients at serum sample was 16.4 [+ or -] 1 .9 
years (range 5-40). Serum samples were obtained within 
12 months of diagnosis of disease. These patients were 
selected for having ICAs but no detectable antibodies to 
thyroglobulin, thyroid microsomes, or gastric parietal cells. 

SMS patients. Six patients (four women) with SMS were 
included in the study. The mean age at serum sampling 
was 53.8 [+ or -] 2.5 years (range 47-63). Three SMS 
patients also had IDDM. All SMS patients had high titer 
ICAs (>80 JDF U). 

Control groups. The first group included 111 [ICA.sup.-] 
nondiabetic patients who had other autoimmune diseases. 
Of these, 30 patients had autoimmune thyroid disease, 10 
had Addison's disease, 10 had pernicious anemia, 10 had 
autoimmune polyendocrine disease, 27 had rheumatoid 
arthritis, and 24 had systemic lupus erythematosus (SLE). 
The second control group comprised 80 healthy individuals 
with no known family history of IDDM or other autoimmune 
diseases. 

ICAs. These were measured by indirect 
immunofluorescence (IFL) on 4-mm cryostat sections of 
blood group O human pancreas, as described previously 
(17). Positive samples were titrated to end point in 
doubling silutions in 10 mmol/l phosphate-buffered saline 
(pH 7.2). Local standard sera calibrated to 2, 4, 8, 16, 32, 
and 80 JDF U were included in each assay. End-point 
titers of test samples were converted to JDF U by 
comparison with a standard curve of [Iog.sub.2] JDF U 
versus [log.sub.2] of end-point titer of the standard sera. 
The threshold of ICA detection was 5 JDF U. Insulin 
autoantibodies (lAAs). lAAs were measured by 
radioimmunoassay, with displacement with unlabeled 
insulin to correct for nonspecific binding (18). The mean ([+ 
or -] SD) corrected binding for 140 control sera was 0.149 
[+ or -] 0.298%. Sera with binding >3 SD above the mean 
for these control sera were considered positive. Since the 
introduction of the Immunology and Diabetes Workshops 
for the standardization of ICA and IAA, our laboratories 
have repeatedly participated with a high degree of 
performance. 

Antibodies to GAD. These were measured by determining 
the enzyme activity immunoprecipitated by antibodies in 
sera from a soluble extract of rat brain as described 



previously (3). Serial dilutions of selected sera from each 
group demonstrated an approximately linear relationship 
between antibody concentration and enzyme activity 
immunoprecipitated for most samples. However, dilution 
experiments with all SMS patients demonstrated a marked 
prozone effect at low dilutions of serum. For quantification 
of GAD antibody levels, sera from SMS patients were 
analyzed at a dilution of 1 :250 and all other sera at 1 :5. 
Enzyme activity immunoprecipitated was calculated 
relative to that of the same standard antibody-positive 
control serum used in previous analyzes of GAD antibody 
activities (14,16). Sera were regarded as positive if the 
relative antibody activity exceeded 2 SD of the activity in 
sera from a group of 30 healthy (nondiabetic) control 
individuals (mean [+ or -] SD; 6.2 [+ or -] 3.4% of positive 
control). The interassay coefficient of variation was 15.4%. 

Antibodies to 50,000, 40,000, and 37,000 [M.sub.r] 
fragments of islet 64,000 [M.sub.r] antigens. These 
antibodies were measured by immunoprecipitation of 
[[35.sup.S]]methionine-labeIed polypeptides released from 
particulate fractions of neonatal rat islets by trypsin 
treatment as described previously (14). Serum samples 
were regarded as positive for a specific antibody activity if 
a band corresponding to the appropriate polypeptide could 
be detected on the autoradiogram. Antibody levels were 
quantified by densitometric scanning of bands on 
autoradiograms, expressing band density as a proportion 
of a standard antibody-positive control serum included in 
each antibody analysis (14). 

Other autoantibodies. Antibodies to thyroglobulin (TG-Ab) 
and thyroid microsomes (TM-Ab) were detected by indirect 
hemagglutination using a commercial kit (Serodia, Japan). 
The threshold titer for antibody positivity was 1/20 for 
TG-Ab and 1/400 for TM-Ab. Antibodies to gastric parietal 
cells (GPC-Ab) were detected by IFL using 4-mm cryostat 
sections of human blood group O stomach (19). 

Statistical analysis. The significance of differences 
between antibody frequencies in populations was 
determined by [X.sup.2] analysis with Yates* correction or 
by Fisher's exact test as appropriate. The significance of 
differences between antibody levels in patient groups was 
determined by the Mann-Whitney U test. The degree of 
correlation between antibody levels and titers was 
calculated as the Spearman coefficient of rank correlation. 

RESULTS 

Antibodies to brain GAD and 50,000 [M.sub.r] fragments of 
islet GAD. Antibodies to GAD were measured by two 
independent assays: 1) by measuring GAD enzyme 
activity immunoprecipitated from extracts of rat brain (GAD 
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Antibodies to islet 37k antigen. In contrast to antibodies to 
GAD, antibodies to 37k antigen were only found in 
individuals who developed IDDM (Tables 1 and 2). Overall, 
9 of 17 (53%) [ICA.sup.+] endocrine autoimmune patients 
who progressed to IDDM were positive for antibodies to 
37k antigen. Nine of 10 patients (90%) with acute-onset 
IDDM had these antibodies, whereas all patients with 
slow-onset IDDM were negative (P < 0.005). Two patients 
with acute-onset IDDM converted from antibody negative 
to positive on follow-up, in one patient (patient 4) between 
84 and 26 months before diabetes onset and in a second 
(patient 9) between 7 and 2 months before diagnosis. Of 
the six patients with SMS, two had antibodies to 37k 
antigen and both of them had IDDM. Antibodies to 37k 
antigen were detected in 18 of 22 (82%) [ICA.sup.+] IDDM 
patients without endocrine autoimmunity. ICA titers were 
significantly correlated with levels of antibodies to 37k 
antigen in these patients (r = 0.71, P < 0.001). Antibodies 
to 37k antigen were not detected in any of the 1 1 1 
[ICA.sup.-] patients with autoimmune disease (Table 3) or 
in the 80 healthy control individuals. 



antibodies) and 2) by immunoprecipitation of 50,000 
[M.sub.r] fragments of rat islet antigen, previously shown 
to be islet GAD (15) (50k antibodies). GAD and 50k 
antibodies were detected in 18 (90%) and 19 (95%), 
respectively, of 20 [ICA.sup.+] endocrine autoimmune 
patients without IDDM, in ail 17 [ICA.sup.*] endocrine 
autoimmune patients who developed IDDM, and in all 6 
patients with SMS (Table 1). The two [ICA.sup>] 
endocrine autoimmune patients who were negative for 
GAD antibodies had low titer ICA (Table 2). When present, 
GAD antibodies persisted with time; no patients converted 
from antibody negative to positive, and the antibodies were 
detected 84 months before diabetes onset in one patient 
(patient 4 in Table 2) and persisted for at least 6 years in 
[ICA.sup. +] endocrine autoimmune patients who did not 
develop diabetes. GAD antibodies in the absence of 
antibodies to 37k antigen or lAAs were found in 23 
[ICA.sup.*] polyendocrine disease patients; 17 of these 
are nondiabetic, 5 progressed to IDDM slowly after a 
period of NIDDM, and 1 developed acute-onset IDDM 
(Table 2). Of the 22 [ICA.sup.+] IDDM patients without 
endocrine autoimmunity, 13 (59%) had GAD antibodies 
and 13 (59%) had 50k antibodies. Five of nine GAD 
antibody-negative IDDM patients had high titer ICAs (>80 
JDF U), and GAD antibodies were not correlated with ICA 
titers in this group. 

A quantitative analysis of GAD enzyme activity 
immunoprecipitated by antibodies in sera of [ICA.sup.+] 
patients is shown in Fig. 1. No significant difference was 
observed between GAD antibody levels in diabetic and 
nondiabetic [ICA.sup. +] endocrine autoimmune patients. 
However, GAD antibody levels in [ICA.sup.+] IDDM 
patients without endocrine autoimmunity were significantly 
lower than those in both diabetic and nondiabetic 
[ICA.sup.+] endocrine autoimmune groups (P [less than or 
equal to] 0.002). SMS patients all had high GAD antibody 
levels (Fig. 1). 

[CHART OMITTED] 

GAD antibodies were rarely detected in the [ICA.sup.-] 
groups. None of the 51 patients with rheumatoid arthritis or 
SLE were positive for GAD antibodies, and only 2 patients 
with endocrine autoimmune disease were positive, 1 with 
Graves' disease and 1 with Addison's disease and 
hypothyroidism (Table 3). The latter patient was also 
positive for 50k antibodies. Two of 80 (2.5%) normal 
control individuals were positive for antibodies to brain 
GAD and 50,000 [M.sub.r] tryptic fragments of the islet 
antigen. 

[TABULAR DATA OMITTED] 
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Antibodies to insulin. lAAs were measured only in 
[ICA.sup.+] endocrine autoimmune patients (Tables 1 and 
2); in patients who developed IDDM, lAAs were measured 
in samples collected before initiation of insulin treatment. 
lAAs were detected in 4 of 10 (40%) patients who 
developed acute-onset IDDM, in 2 of 7 (29%) slow-onset 
IDDM patients, and in 1 of 20 (5%) nondiabetic individuals. 
The frequency of lAAs in acute-onset IDDM patients was 
significantly higher than that in [ICA.sup. +] endocrine 
autoimmune patients who have not developed IDDM (P < 
0.05). 

Thyrogastric antibodies. [ICA.sup.+] endocrine 
autoimmune patients and SMS patients had high 
frequencies of TG-Ab, TM-Ab, and GPC-Ab (Tables 1 and 
2). The frequency of thyrogastric antibodies in [ICA.sup.-] 
patients was similar to that expected for each group of 
diseases tested (Table 3). 

DISCUSSION 

A major goal of research into IDDM is to define genetic 
and/or immunological markers that precisely identify 
individuals predisposed to the disease (20). GAD is one of 
a number of novel islet cell antigens known to be 
associated with IDDM. However, GAD autoimmunity also 
develops in the absence of diabetes. Thus, GAD is an 
autoantigen in autoimmune SMS, but only one-third of 
SMS patients develop IDDM. We have also detected GAD 
antibodies in \20% of nondiabetic identical twins who are 
long-term discordant for diabetes with their diabetic co-twin 
(16) and who are therefore at low risk for diabetes (21). 
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Furthermore, GAD has been shown to be a target for a 
[beta]-cell-selective ICA that is not predictive of diabetes 
development, in contrast with whole-islet ICA, which is 
associated with disease (1 1,22). 

To further characterize the associations of GAD 
autoimmunity with diabetes and other autoimmune 
diseases, we have analyzed GAD antibodies in [ICA.sup. +] 
and [ICA.sup.-] patients with endocrine autoimmunity. 
GAD antibodies, including antibodies to 50,000 [M.sub.r] 
fragments of islet [GAD.sub.65] that correlate well with the 
former (3), were detected in almost all [ICA.sup.+] 
endocrine autoimmune patients, whether or not they 
developed diabetes. GAD antibody levels were detected at 
similarly high levels in both diabetic and nondiabetic 
groups. The elevated frequency of GAD antibodies in this 
cohort of endocrine autoimmune patients, together with the 
strong association of GAD autoimmunity in SMS with the 
presence of ICA and other organ-specific autoimmunities 
(10), suggested possible links between endocrine 
autoimmunity and immune responses to GAD. However, 
GAD antibodies appeared in <2% of patients with 
autoimmune disease who were negative for ICA. 
Interestingly, when detected, the antibodies appeared only 
in endocrine autoimmune patients and not in patients with 
non-organ-specific disease. GAD antibodies thus appear 
predominantly in the [ICA.sup. +] endocrine autoimmune 
population. It has been estimated that 2.4% of patients 
with autoimmune disease possess ICA (23) (and therefore 
most likely GAD antibodies), a proportion similar to the 
frequency of GAD antibodies in our healthy control 
subjects (2.5%). Thus, development of GAD antibodies is 
not strongly associated with endocrine autoimmunity per 
se, other than autoimmunity to pancreatic islet cells or 
GAD-rich cells in the brain. 

Despite this lack of association, the levels of GAD 
antibodies in IDDM patients with endocrine autoimmunity 
were significantly higher than in those who lacked 
organ-specific antibodies. These results suggest that, 
although the appearance of antibodies to GAD may not be 
dependent on autoimmune responses to other organs, the 
intensity of the antibody response to the enzyme, when it 
does develop, is enhanced in patients with coexistent 
endocrine autoimmunity. This concept is supported by a 
previous study, in which high levels of GAD antibodies 
were predominantly detected in diabetic patients with other 
organ-specific antibodies (24). Our series concentrated 
mainly on adult patients with type II autoimmune 
polyglandular syndrome (Schmidt syndrome extended 
[25]), but similar high-titer GAD antibodies have also been 
described in type I autoimmune polyglandular syndrome, 
which primarily affects children (26). 



Although possessing high levels of autoantibodies to GAD, 
only 30% of the [ICA.sup.+] endocrine autoimmune 
patients progress to IDDM (12). In another study (27), we 
had the opportunity to examine the pancreases of three 
such patients who died without developing IDDM. These 
pancreases displayed none of the immunohistological 
changes that are normally associated with autoimmune 
destruction of pancreatic [beta]-cells in IDDM, suggesting 
that the strong antibody responses to GAD in these 
individuals occur independently of lymphocytic infiltration 
of islets, a potent indicator of [beta]-cell destruction. 

This study identifies a unique nondiabetic population, 
initially defined as possessing endocrine autoimmunity 
with ICA, with a high frequency ([greater than or equal 
to]90%) and high levels of GAD antibodies, but which, in 
most cases, lacks other serological markers of IDDM. Is it 
possible that GAD antibodies, when they develop in the 
absence of other diabetes-associated immune markers, 
play a neutral, if not protective, role in determining 
susceptibility to IDDM? To try to answer this question, we 
investigated whether antibodies to insulin and 37k antigen 
could distinguish those GAD antibody-positive individuals 
who progressed to IDDM. Both markers were indeed 
associated with disease. lAAs were detected in 6 of 17 
(35%) patients who progressed to diabetes but in only 1 of 
20 (5%) nondiabetic patients. Antibodies to 37k antigen 
were only found in individuals who became diabetic, 
including two of three SMS patients with diabetes. More 
strikingly, antibodies to 37k antigen were detected in 90% 
of patients in our polyendocrine cohort who developed 
acute-onset IDDM, whereas all those in whom IDDM was 
preceded by a prolonged period of NIDDM were negative. 
Thus, antibodies to 37k antigen identify heterogeneity in 
the rate of progression to IDDM and are apparently 
markers of acute-onset diabetes in this population. In 
support of this, antibodies to 37k antigen were shown to be 
associated with rapid progression to IDDM in [ICA.sup. +] 
relatives of patients with IDDM (28). 

Studies in patients with polyendocrinopathy have 
dissected two antibody specificities closely linked to IDDM 
development: whole islet ICAs and antibodies to 37k 
antigen. As previously shown in identical twins (16), levels 
of antibodies to 37k antigen were significantly correlated 
with ICA titers in the group of IDDM patients who lacked 
other organ-specific antibodies (and who tended to 
possess whole islet ICAs), suggesting that these 
antibodies might arise through common mechanisms. 
GAD antibodies, although disease-associated, appear in a 
wider population, only a subset of whom develop IDDM. 
Harrison et al. (29) have demonstrated an inverse 
correlation between antibody and T-cell responses to GAD 
in [ICA.sup.+] relatives of diabetic patients and have 

GALE GROUP 



Information Integrity 



- Reprinted with permission. Additional copying is prohibited. - 



Diabetes 



Oct 1994 V43 n10 pi 254(6) 



Page 5 



Antibodies to islet 37k antigen, but not to glutamate decarboxylase, 
discriminate rapid progression to IDDM in endocrine autoimmunity. 



suggested that autoimmunity to GAD might deviate toward 
either humoral or cellular responses. Because IDDM is 
likely to be a T-cell-mediated disease, T-cell responses to 
GAD may be better indicators of progression to diabetes 
than are levels of antibodies to the antigen. Whether GAD 
antibodies in the absence of other diabetes-associated 
antibodies are markers of slow progression to diabetes 
remains to be substantiated. 

The discovery of serological markers with high disease 
specificity offers the potential to identify individuals at risk 
for IDDM with increased accuracy. Among several now 
available, antibodies to 37k antigen seem to be closely 
associated with rapid progression to disease. Further 
characterization of the 37k antigen, including molecular 
cloning and expression of recombinant protein, should 
facilitate development of simpler screening assays for the 
detection of these antibodies. Large-scale screening 
studies in the general population are required to establish 
the true predictive value of different antibody specificities. 
With the availability of accurate markers for disease 
development, application of immune intervention protocols 
can be considered as a means of preventing IDDM. 
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Summary 

We have done a study designed to ascertain the effectiveness 
of measuring antibodies to glutamic acid decarboxylase 
(anti-GAD) in predicting insulin-dependent diabetes meltitus 
(IDDM). 

Anti-GAD was measured in prediabetic sera from 151 
women aged 20-39 years with newly diagnosed diabetes 
mellitus who had been identified through a nationwide 
diabetes register. Multiple serum samples had been collected 
from these women up to 10 years before the clinical onset of 
diabetes during their earlier pregnancies. Anti-GAD was 
measured with a radiolmmunoprecipitation assay. Anti-GAD 
was detected In 82% of 28 women with IDDM, in 36% of 11 
women with non-insulin-dependent diabetes mellitus, and in 
5% of 112 women with gestational diabetes mellitus. In a 
random sample of 100 non-diabetic young Finnish women, 
none had anti-GAD. The sensitivity of the anti-GAD assay for 
predicting IDDM was 82 1% and the specificity was 100%, The 
longest time of anti-GAD positivity before clinical onset of IDDM 
was 10 years. Once positive, anti-GAD levels remained stable 
and no patients became negative after a positive test during 
the prediabetic period. 

Anti-GAD is a valuable early predictive marker and is 
associated with a very high risk for development of IDDM. 

Lancet 1994; 343: 1383^85 

See Commentary page 1377 
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Introduction 

In insulin-dependent diabetes mellitus (IDDM), 
pancreatic beta cells are progressively destroyed. 
Immunological markers such as islet cell antibodies (ICA), 1 
insulin autoantibodies (IAA), 3 and antibodies to glutamic 
acid decarboxylase (anti-GAD) 3-6 are detectable in the sera 
of patients newly diagnosed with IDDM. Although ICA 
and IAA can serve as predictive markers for IDDM, the 
sensitivity and specificity of these antibodies for prediction 
of IDDM are not good. 73 Anti-GAD may be the primary 
immunological marker in IDDM 9 u — they are the first to 
appear in the disease and at the time of diagnosis of IDDM 
about 75% of patients are positive for anti-GAD. *-* i2 
Anti-GAD are also useful for predicting which patients 
with apparent non-insulin-dependent diabetes mellitus 
(NIDDM) at diagnosis will subsequently progress to 
IDDM. 5,13 - 15 Loss of tolerance to GAD is probably a step in 
the development of diabetes in NOD mice/ 617 and injection 
of GAD can prevent diabetes in NOD mice. Whether these 
results are applicable to human beings is unknown. 

Data on anti-GAD during the prediabetic period are 
scarce. Two studies 618 reported that about 70-80% of 
subjects who subsequently developed IDDM were anti- 
GAD positive before the onset of clinical disease. However, 
these studies used highly selected patients, mainly siblings 
or other relatives of IDDM patients. Thus, there have been 
no population-based prospective data to judge the 
effectiveness of anti-GAD positivity in predicting IDDM. 
The period during which anti-GAD may be present before 
the onset of clinical IDDM is also not known. We have done 
a study designed to answer these questions. 

Patients and methods 

Since the beginning of 1992 all newly diagnosed cases of diabetes 
among subjects aged 15 to 39 years in Finland have been reported to 
the National Public Health Institute with structured forms. We 
classified subjects as IDDM if insulin treatment had started by the 
time the case was reported to the register, or as NIDDM if the 
patient received diet or oral antidiabetic therapy. The diagnostic 
criteria for NIDDM were those recommended by WHO. The 
register recommended the same diagnostic criteria for gestational 
diabetes mellitus (GDM) as for NIDDM, but since no national 
criteria for GDM existed at the time of our study we had to rely on 
criteria applied by local hospitals. 

The National Public Health Institute also conducts nationwide 
screening for conditions such as rubella, hepatitis B antigen, and 
syphilis antibodies in all pregnant women in Finland. At the 
antenatal clinic a serum sample is taken from all pregnant women 
during the first trimester and sent to the National Public Health 
Institute. After completion of routine screening, residual sera have 
been stored frozen since 1983. 

Of women diagnosed with diabetes in the nationwide diabetes 
register between January, 1992, and March, 1993, 207 had children. 
These women were contacted to obtain written consent to use their 
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Cum posftto tor antMUO 


Ago(yr) 




oi women 
studied 


Number (%) 


95% CI 


Mean 


Range 


Type of diabetes 












Insulin-dependent 


28 


23 (62) 


63 1-93 9 


30 


23-39 


Non-msuilrvdependent 


11 


4(34) 


10 9-69 2 


32 


22-39 


Gestational: insulin-treated 


32 


5(15) 


5 3-32 8 


32 


22-40 


Gestational: diet-treated 


80 


1(1) 


0-68 


32 


20-45 


Random population larapto 


100 


0(0) 


0-3 6 


36~~ 


25-45 



Table 1: Proportion of anti-OAD- positive subjects during the 
predlabetlc period among diabetic women and In a random 
sample of young women 



sera in the present study. 183 consented, and at least one serum 
sample obtained during a pregnancy was available for 1 51 women. 
Of the 24 women who refused consent, 2 had NIDDM, 7 IDDM, 
and 15 GDM of whom 2 were treated with insulin. The greatest 
number of samples from an individual was five from different 
pregnancies, and the longest period between collection of sera and 
diagnosis of diabetes was 10 years. We also determined anri-GAD 
in sera from 1 00 non-diabetic Finnish women aged 25 to 45 years, a 
subsample of a cohort randomly selected and investigated for 
cardiovascular risk factors in 1992. 

Anti-GAD was measured by radio immunoprecipitat ion with 
purified porcine brain GAD. 1319 Concentrations of anti-GAD 
were measured against a standard reference serum given an 
arbitrary value of 100 units of activity and reactive sera were given 
values as a percentage of the reference activity. Based on data from 
healthy blood donors, the cutoff for positivity in the 
radtoimmunoprecipitation assay was greater than 18 units. The 
assay as used in the present study does not quantify precisely 
antibody above 80 units, for which titration is required. 19 

Results 

In the sera collected during the prediabetic period, anti- 
GAD was found in 82% of IDDM patients and in 36% of 
NIDDM patients who were not treated with insulin and 
were not pregnant at the time of diagnosis of diabetes (table 
1). Of women with GDM, 5% were positive for anti-GAD, 
but those who had received insulin had a higher prevalence 
(16%) of anti-GAD than women with GDM treated only 
with diet (1%). 

The probability of correctly identifying women who 
subsequently developed IDDM by anti-GAD positivity 
(sensitivity of the test) was 82- 1 % (23 of 28). The specificity 
of the assay (probability of correctly identifying non- 
IDDM women by absence of anti-GAD) was 100% (100 of 
100). 

Among women who developed IDDM, the proportion of 
anti-GAD-positive subjects of those tested was over 80% at 
almost every point in time during the prediabetic period of 1 
to 10 years (table 2). Positivity for anti-GAD was very 



Tim* before 


Cumulative number 


Cumulative number 


Percentage 


diagnosis of 


of subjects tested 


of subjects posftlvs 


ofantt-GAO* 


IDDM (yr) 


for first tent 


forsott-GAO 


posftWe subjects 


10 


1 


1 


100 0 


9 


7 


6 


85 7 


8 


8 


7 


85 7 


7 


8 


7 


85 7 


6 


12 


9 


75 0 


5 


15 


12 


80 0 


4 


20 


17 


85 0 


3 


21 


18 


85 7 


2 


25 


21 


84 0 


1 


26 


23 


82 1 


0 


28 


23 


82 1 



Only the first (most distant from diagnosis of diabetes) anti-GAD test was considered for each 
subject If several successive blood samples were available 

Table 2: Anti-GAD posltMty before diagnosis of diabetes In 
young women with newly diagnosed IDDM 



stable, since all positive subjects remained so in subsequent 
blood samples. Anti-GAD levels varied only slightly on 
retesting during the prediabetic period. The intra- 
individual and inter-individual variation in anti-GAD 
indicated that there was no progressive increase nor 
decrease in anti-GAD during the prediabetic period. 

Discussion 

Our population-based data provide evidence that anti- 
GAD is a valuable predictive marker of IDDM before the 
onset of clinical symptoms. As far as is known, there may 
not be a better marker than anti-GAD for detecting the 
ongoing process of beta-cell destruction leading to IDDM. 
The anti-GAD test is simple to perform and standardise 
and applicable to population sampling. By contrast, the 
ICA test is difficult to standardise and labour-intensive. 
Population studies have shown that the positive predictive 
value of ICA to predict IDDM is only 9-34% . 8 Knowing 
these shortcomings of ICA testing, we decided not to carry 
out comparative analyses of ICA and anti-GAD in the 
present study. 

We had the opporuinity to test multiple samples and 
samples collected over a 1 0-year period before the diagnosis 
of IDDM. As known from other studies carried out mainly 
after diagnosis of IDDM, 71518 anti-GAD values do not 
vary much over time or with age. None of the anti-GAD- 
positive subjects became negative during the subsequent 
follow-up in the prediabetic period. Anti-GAD levels did 
not increase towards the onset of clinical symptoms of 
IDDM. 

Why some IDDM patients remain anti-GAD negative is 
not known. The test used for anti-GAD is clearly sensitive, 
since positive samples in our study were repeated and 
remained positive within narrow margins over several 
years. There is a known strong genetic component in 
IDDM and the current view is that only genetically 
predisposed individuals will get the disease. 20 Studies on 
anti-GAD have shown that the positivity correlates highly 
with HLA-DR and DQ phenotypes. 21,22 It would be 
important to determine whether anti-GAD is genetically 
determined. 

Genetic susceptibility to IDDM and to NIDDM may be 
located in the HLA region of chromosome 6. 23 Because 
anti-GAD is found mostly in IDDM patients, but also at 
lower frequency in NIDDM, 7,13 * 13 anti-GAD may be a 
consequence, not the cause of, beta-cell destruction. There 
is uncertainty in classification of patients into different 
types of diabetes, as shown by follow-up data from the 
Swedish nationwide register of diabetes in the population 
aged 15 to 34 years that showed that 14% of cases originally 
diagnosed as NIDDM progressed to IDDM and 10% of 
newly diagnosed cases of diabetes could not be 
unequivocally classified at the time of diagnosis. 24 It has 
been proposed that a considerable proportion (about 20%) 
of NIDDM patients with onset in adult life will slowly 
develop insulin dependency. 25 - 26 Previous results have 
shown that anti-GAD provides the best way to predict 
which NIDDM patients will later need regular insulin 
treatment. 514 15 The study of anti-GAD in diabetic patients 
in the Swedish diabetes register for young adults showed 
that many patients diagnosed with NIDDM were 
considered positive for "GAD-index" and were later 
reclassified as having IDDM. 27 One of the probable reasons 
for the high frequency of anti-GAD positivity in Finnish 
young women with NIDDM, defined on the basis of not 
being treated with insulin at the time of or soon after 
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diagnosis of diabetes, is that they did not develop insulin 
dependency acutely. We will follow-up these women to see 
how many will ultimately be classified as having IDDM. 

Many women with GDM will later develop frank 
diabetes, and it has been estimated that about 2% of women 
with GDM will proceed to IDDM during the subsequent 
15 years, 28 In the present study, 5% of all women with 
GDM were anti-GAD positive, and most of the ant i- GAD - 
positive women with GDM (5 of 6) required insulin 
treatment during pregnancy. How many of these anti- 
GAD-positive women will later develop IDDM remains to 
be seen. Identification of women with GDM who have a 
high likelihood of developing IDDM is important to allow 
early intervention to prevent IDDM or its complications. 
Whether the predictive value of anti-GAD for IDDM is 
different in women and men is not known. In a study of 
recent-onset IDDM in childhood in Australia, there was a 
small sex difference in percentage of anti-GAD positives 
(females 75%, males 63%; C F Verge, Royal Alexandra 
Hospital for Children Sydney, Australia, personal 
communication). There is no evidence to suggest that 
pregnancy should influence anti-GAD concentrations — in 
our study anti-GAD-positive women who were retested 
serially over several pregnancies had stable values of 
anti-GAD. 

The sensitivity and specificity of anti-GAD positivity to 
detect IDDM in sera from pregnant women were high. 
Results were sufficiently good for the anti-GAD assay to be 
used prospectively as a screening test to detect individuals 
at risk of developing IDDM. On the other hand, before 
mass screening can be recommended, an effective and 
acceptable treatment to prevent IDDM should be available. 
Furthermore, it is important to find out how much beta-cell 
capacity is left in subjects who are anti-GAD positive. 
Experimental data indicate that loss of about 80-90% of 
beta cells is needed before clinical symptoms or diabetes 
occur. 29 If anti-GAD positivity is present when people are 
approaching the critical level of beta-cell capacity, anti- 
GAD positivity may be used for secondary and tertiary 
prevention of IDDM. 

We thank Mr R Spark for anti-GAD assays and Government Employees 
Medical Research Fund (Australia) and Nordisk Forskningskomite for 
grant support. We also thank the collaborators of the Finnish Diabetes 
Register for Young Adults who provided the data on newly diagnosed 
cases of diabetes. 
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Latent Autoimmune Diabetes Mellitus 
in Adults (LADA): the Role of 
Antibodies to Glutamic Acid 
Decarboxylase in Diagnosis and 
Prediction of Insulin Dependency 

P.Z. Zimmet*, T. Tuomi b , I.R. Mackay b , M.j. Rowley 6 , W. Knowles c , M. Cohen 3 , D.A. Lang a 

•International Diabetes Institute, and "Centre for Molecular Biology 
and Medicine, Monash University Melbourne, Australia and c Miles 
Research Laboratories, West Haven, USA. 

Type 1 diabetes mellitus in adults may present in a manner similar to that of Type 2 
diabetes but with a late development of insulin dependency. We studied 65 patients who 
presented with 'aduhVonsef diabetes after the age of 30 years. Of these patients, 19 
required insulin therapy. The insulin-treated patients were significantly younger, their 
onset of diabetes was at an earlier age, and their postprandial serum C-peptide levels 
were lower than those of the non-insulin-treated group. Moreover, the insulin-treated 
subjects had a higher mean concentration of antibodies to glutamic acid decarboxylase 
(CAD) (66.8 4: 10.2 units) than the patients who did not require insulin (9.9 ± 1.9 units) 
(p< 0.001) and their frequency of anti-GAD positivity was 73.7% versus 4.3% 
(p< 0.001). Thus, among patients attending a diabetes clinic, the majority (73.7 %) of 
subjects who presented with diabetes after 30 years of age and who subsequently required 
therapy with insulin, actually have the islet cell lesion of Type 1 diabetes which progresses 
at a slower tempo than in children. We conclude that testing for anti-CAD in adult-onset 
non-obese diabetic patients should be a routine procedure in order to detect latent insulin- 
dependency at the earliest possible stage, since this assay can assist in the correct 
classification of diabetes, and more appropriate therapy. 

key words Type 1 diabetes mellitus Insulin-treated diabetes mellitus Anti-GAD 
C-peptide 



Introduction 

The National Diabetes Data Group (NDDG) 1 and the 
World Health Organization Expert Committee (WHO) 
on Diabetes Mellitus 2 recommended that the terms 
'mature-onset' and 'adult-onset 7 diabetes mellitus be 
replaced by non-insulin-dependent diabetes mellitus (or 
Type 2 diabetes), with subcategories of non-obese and 
obese. However, Type 2 diabetes is heterogenous, 3 and 
while a substantial proportion of cases are obese and 
hyperinsulinaemic, 4 the non-obese patients with Type 2 
diabetes often have insulin hyposecretion, 5 ' 6 and treat- 
ment fails with oral hypoglycaemic drugs. Accordingly 
subjects in this non-obese group could actually have 
Type 1 diabetes but in a slowly evolving form. 7 ' 8 Scott 
and Brown conducted a population-based study of 
insulin-treated adult diabetes patients in New Zealand 
and found that as many as 14.4 % were insulin-treated, 
and most (83 %) had commenced insulin as a permanent 
treatment within 12 months of diagnosis. 9 Similarly, the 
prevalence of Type 1 diabetes among adult diabetic 
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patients in other countries is higher than previously 
thought. 10 ' 11 The clinical onset of diabetes is usually 
less acute in adult patients, so leading to an initial 
diagnosis of Type 2 diabetes, 3 and there is a group of 
patients, hitherto labelled as Type 1 1/2 diabetes', 3 who 
are non-obese, and initially may be treated as Type 2 
diabetes, yet progress rapidly to insulin dependency, 
within months or a few years of diagnosis. 

Patients reported as 'Type 1 1/2 diabetes' show some 
of the classical features of Type 1 diabetes including 
weight loss, low C-peptide concentration, an increased 
frequency of HLA DR3 and DR4, and positive tests for 
islet cell antibodies (ICA). 2 ' 12 - 13 Recently, we reported 
a high frequency of antibodies to glutamic acid decar- 
boxylase (anti-GAD) in these patients 14 ' 15 and Hagopian 
et a/, similarly reported that the anti-GAD assay is very 
useful for their identification. 16 Therefore, Type 1 1/2 
diabetes' is likely to be a slowly-evolving Type 1 diabetes, 
and we suggested the name latent autoimmune diabetes 
in adults (LADA) be used to describe such patients. 15 
Since tests for ICA and fasting C-peptide levels, which 
predict insulin requirement at the time of diagnosis of 
diabetes, 17 are technically demanding, hard to stan- 
dardize, 18 and expensive, a simple discriminatory test 
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would be a valuable tool. We describe here the results 
with a radioimmunoprecipitation assay for anti-GAD as 
a predictor of insulin dependency in a group of Australian 
adults who presented with diabetes mellitus. 

Patients and Methods 

The study population consisted of 65 adult patients who 
had presented to the International Diabetes Institute, 
Melbourne, with diabetes in adulthood. Physicians were 
asked to identify subjects who had initially been treated 
with diet alone or with oral hypoglycaemic agents, but 
in whom the diagnosis of Type 1 versus Type 2 diabetes 
was not clear cut on clinical grounds. The selection 
criteria included 2: 30 years of age at diagnosis, absence 
of ketonuria, and with no apparent need for insulin- 
treatment for at least 6 months after the initial diagnosis. 

There were 46 subjects in whom the current treatment 
remains diet alone or diet and oral hypoglycaemic 
agentfe) with acceptable metabolic control of diabetes 
after a mean observation period of 8.6 years, and 19 
subjects who subsequently required insulin therapy after 
a mean interval of 5.8 years and are designated as 
insulin-treated diabetes mellitus (ITDM). 

The clinical and laboratory characteristics including 
serum C-peptide and anti-GAD levels of these ITDM 
patients are shown in Table 1. A group of 53 non- 
diabetic blood donors were used as controls. The decision 
to commence insulin therapy was made on clinical 
grounds. Patient selection occurred prior to the measure- 
ment of anti-GAD and physician treatment occurred 
independently of the results. As height measurements 
were not available on some of the patients, we have 
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had to use weight rather than body mass index as an 
index of overweight and obesity. 

Most of the patients had attended the Institute from 
the time of diagnosis of diabetes which was made 
according to the NDDG criteria for the classification oi 
diabetes. 1 

Serum C-peptide Measurements 

C-peptide concentrations were available for the majority 
of the patients studied and were performed by radioimmu- 
noassay (Diagnostic Systems Laboratories, Webster, 
Texas, USA). The conditions for C-peptide measurement 
were such that sera were obtained at the time of clinic 
visits, i.e. postprandial. Under such conditions a G 
peptide value < 1 p.g ml*" 1 specified insulin deficiency. 

Autoantibodies to GAD 

Antibodies to GAD were measured by a radioimmunopre- 
cipitation assay using radiolabeled porcine brain GAC 
that was purified by affinity chromatography and which 
has been reported in detail elsewhere. 14 The result* 
were expressed as units equalling the percentage o 
radioactivity precipitated by the test sera of that precipi- 
tated by the reference serum, which had 100 units (U) 
The coefficients of variation (CV) for inter-assay anc 
intra-assay replicates for another high positive contro 
serum (mean 120 U) were 9 % (n = 13) and 13 °A 
(n = 9) ; respectively, and the inter-assay CV for a lovt 
positive control serum (30 U) was 14 % (n = 13). W* 
defined the normal range using the 53 blood dono 
sera which were tested concurrently. The mean wa« 



Table 1. Clinical features and laboratory data of the 19 insulin-treated 
diabetic patients 



Patient 


Age/sex 


Age at onset 


Weight 


C-peptide 


Anti-GAD 


number 


(yr) 


(yr) 


(kg) 


(units) 


1 


53 F 


40 


69.3 


0.3 


58 


2 


54 M 


44 


71.1 


0.4 


125 


3 


63 F 


59 


55.9 


2.4 


93 


4 


57 M 


48 


68.2 


0.3 


86 


5 


44 M 


37 


57.5 


0.9 


114 


6 


50 M 


42 


81.1 


1.5 


57 


7 


62 F 


52 


47.4 


0.1 


45 


8 


70 M 


55 


88.3 


0.7 


29 


9 


59 M 


37 


78.0 


0.5 


12 . 


10 


40 M 


40 


92.5 


4.9 


6 


11 


52 M 


52 


88.3 




118 


12 


80 F 


70 


76.1 


0.1 


103 


13 


55 F 


55 


56.7 


2.1 


102 


14 


49 M 


32 


81.2 


0.3 


87 


15 


56 F 


56 


62.5 


0.4 


92 


16 


64 F 


46 


48.5 


0.3 


122 


17 


68 F 


39 


66.0 


4.0 


4 


18 


64 M 


41 


63.0 


3.0 


6 


19 


47 F 


34 


103.2 


1.0 


10 
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' 8.2 ± 2.7 U (range 4-18 U). The limit for positivity was 
set at 18 U, which exceeds the mean + 3 SD for the 
controls 14 . 

Statistical Analysis 

Results are expressed throughout as mean and standard 
errors of the mean. The chi-squared (x 2 ) test with Yates 
correction was used to determine statistical significances 
of differences between group frequencies, and Student's 
t-test was used to compare means of levels of anti-GAD 
where appropriate. 

Results 

The ITDM group differed from the Type 2 diabetes group 
according to a number of features (Table 2), including 
a lower mean age (p < 0,02), a lower age at onset of 
diabetes (p < 0.002), a lower mean body weight, and a 
lower mean serum C-peptide concentration (p < 0.001). 
Moreover, the mean level of anti-GAD was 66.8 ± 10.2 
units, significantly higher than for the Type 2 diabetes 
group 9.9 ± 1.9 units (p < 0.001), and respective fre- 
quencies of positive tests for anti-GAD were 74 % 
(14/19) versus 4.3 % (2/46). 

Attributes of subjects who gave positive or negative 
tests for anti-GAD are shown in Table 3; distribution of 
values for these indices is similar to that for ITDM and 
Type 2 diabetes groups, respectively. In regard to therapy, 

87.5 % of the patients who gave a positive test for anti- 
GAD were receiving treatment with insulin, whereas 

81.6 % of the anti-GAD negative patients were treated 
with dietary modification or oral hypoglycaemic drugs. 
Of two patients with Type 2 diabetes and a high level 
of anti-GAD, control of hyperglycaemia is poor (data 
not shown); one of the two has a sister with Type 1 
diabetes. 

Discussion 

This study confirms recent findings by us 15,19 and 
Hagopian et a/. 16 that a substantial proportion of patients, 



perhaps up to 20 % with an onset of diabetes in adult 
life have a slow onset type of Type 1 diabetes with 
automimmune features: we have called this latent 
autoimmune diabetes of adults. The natural history of 
LADA is predictable on clinical grounds and from results 
of ICA and C-peptide 12 ' 16 but the availability of a simple 
laboratory assay for anti-GAD provides for an easy 
discrimination in most of these subjects when the 
information can be used for clinical management, and 
could allow in future for the use of immune-modulation 
therapy to preserve insulin secretion. Moreover, these 
findings confirm that a positive anti-GAD almost 
invariably means that the patient will require insulin. 15 
We can emphasize that testing for anti-GAD is superior 
to the traditional ICA test in distinguishing patients with 
LADA and, notably, some of the patients in this 
study had high levels of anti-GAD before their final 
decompensation to insulin-dependency, when they were 
in a 'pre-insulin deficienc/ stage. Baekkeskov et a/, 
found that over 80 % of subjects who subsequently 
developed Type 1 diabetes were anti-GAD positive 
several years prior to the clinical onset of the disease, 20 
a situation we have recently confirmed with our radio- 
immunoprecipitation assay (Zimmet et a/., unpublished). 

Type 1 diabetes has attributes consistent with it being 
an autoimmune disease 21 although there are clearly 
some patients with Type 1 diabetes with insulin deficiency 
from other causes. Observations from our laboratory 
based on various sources of patients 14 ' 22 indicate that 
over 70 % of newly diagnosed Type 1 diabetes subjects 
have high titres of anti-GAD, and patients with this 
form of diabetes have other features consistent with 
autoimmunity including ICA and autoantibodies to insulin, 
and specific associations with MHC (HLA) alleles. 3 ' 21 Apart 
from these features, the autoimmune process evolves to 
total islet beta-cell destruction since Type 1 diabetes is 
characterized by absolute insulin deficiency and life- 
long insulin-dependency. 

Type 2 diabetes comprises a heterogenous group of 
disorders 3 ' 23 including the entities of non-obese and 
obese Type 2 diabetes, maturity-onset diabetes in youth, 
certain rare genetic syndromes, and subjects with so- 



Table 2. Comparison of characteristics of patients with insulin-treated diabetes 
mellitus ((TDM) and those with Type 2 diabetes 



ITDM 



Type 2 
diabetes 



n 

Age (yr) 

Age of onset (yr) 

Duration of diabetes (yr) 

Duration of insulin treatment (yr) 

Weight (kg) 

C-peptide (jtg ml" 1 ) 

Anti-CAD (units) 

Frequency anti-GAD positivity 



19 


46 




57.2 i 2.2 


63.5 ± 1.4 


0.02 


46.3 ± 2.3 


55.3 ± 1.4 


0.002 


11.0 ± 1.9 


8.6 ± 0.9 


NS 


5.2 ± 1.2 






71.3 ± 3.5 


78.6 ± 2.3 


NS 


1.3 ± 0.36 


4.6 ± 0.39 


< 0.001 


66.8 ± 10.2 


9.9 ± 1.9 


< 0.001 


73.7 % 


4.3 % 


< 0.001 



Results as mean ±SEM. 
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Table 3. Characteristics of patients with 'adult-onset' diabetes in 
relation to anti-CAD status 



Parameter 



Anti-GAD status 



Number 
Age {yr) 

Age of onset (yr) 
Duration of diabetes (yr) 
Weight (kg) 
C-peptide (jig ml -1 ) 
Anti-GAD (units) 
Treatment modality (%) 
Diet 

Oral agents 
Insulin 



GAD 


GAD '-' 




16 


49 




56.6 ± 2.4 


63.3 ± 1.37 


0.021 


48.8 ± 2.4 


54.0 ± 1.5 


NS 


7.8 ± 1.5 


9.7 ± 1.0 


NS 


69.1 ± 3.3 


78.9 ± 2.3 


0.021 


1.3 ± 0.4 


4.3 ± 0.4 


< 0.001 


84.3 ± 8.0 


7.7 ± 0.5 


< 0.001 


0.0 


8.2 


< 0.001 


12.5 


81.6 


< 0.001 


87.5 


10.2 


< 0.001 



Results as mean ±SEM. 



called Type 1 1/2 diabetes', now designated by us as 
latent autoimmune diabetes in adults, but this condition 
should be clearly identified with Type 1 diabetes in any 
forthcoming revision of the classification of diabetes. 
Although hyperinsulinaemia is a characteristic of Type 
2 diabetes/ there are cases of Type 2 diabetes with 
genuine insulin deficiency, 5 many are in the non-obese 
category with a beta-cell secretory defect whereas a 
proportion, perhaps 10—15 %, are in transition to Type 

1 diabetes. 9 ' 19 This group can be defined with acceptable 
sensitivity and specificity by the assay for anti-GAD. 15 
It is now clear that Type 1 diabetes can occur after a 
prolonged period of what is clinically accepted as Type 

2 diabetes. 9 ' 12 - 13 Such patients present with typical 
clinical features of Type 2 diabetes, and can be treated 
with diet alone, or with diet and oral hypoglycaemic 
drugs even for several years before progressing to insulin 
dependency. This subgroup has distinctive immunolog- 
ical and metabolic features that distinguish its members 

. from those with Type 2 diabetes. 8 - 12 ' 13 ' 15 - 16 Groop and 
colleagues 12 suggested that these cases were 'latenf 
Type 1 diabetes, as judged by persistent ICA, progressive 
loss of beta-cells and a high frequency of thyrogastic 
autoimmunity. Furthermore, there was an excess fre- 
quency of HLA-DR3 and -DR4 13 confirming an earlier 
report by Di Mario et a/. 24 This group clearly cannot be 
defined by the current NDDG and WHO classifications 
and will need to be identified as part of the spectrum 
of Type 1 diabetes if further studies confirm our present 
findings and the three other recent reports showing a 
high prevalence of antibodies to GAD. 15 - 16 - 19 The clinical 
implications of LADA include the appreciation that 
insulin therapy is needed at an early stage of the 
disease to preserve beta-cell function and achieve better 
metabolic control so possibly reducing the likelihood of 
microvascular consequences of the diabetes. 25 

It seems clear that Type 1 diabetes can occur in all 
age groups, with a higher prevalence and incidence in 



middle and older age groups in Europids than hitherto 
suspected 9 - 11 and this may particularly be the case in 
Asian populations where Type 1 diabetes in childhood 
is rare. 3 ' 7 We have shown that testing for anti-GAD is 
superior to the traditionally used ICA in distinguishing 
those adult onset diabetics who fit into the Type T 
diabetes category. 15 The availability of the anti-GAD 
assay allows the identification of 'adultonsef diabetic 
persons who require insulin therapy and also permits 
the preclinical diagnosis of Type 1 diabetes both in 
childhood and adult life. This raises the potential for 
primary prevention of Type 1 diabetes throughout the 
whole age range as safer immunotherapy interventions 
become available. 25 
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RESPONSE TO APPLICANT'S AMENDMENT 

1. Applicant's amendment, filed 05/02/05 is acknowledged. 
Claims 2-9 are pending. 

Claims 2-9 are under consideration in the instant application. 



2. The title of the invention is not descriptive. A new title is required that is clearly indicative of 
the invention to which the claims are directed. 

Applicant's arguments, filed 05/02/05 have been fully considered, but have not been found 
convincing. 

Applicant asserts that the title accurately reflects the claimed invention. 

Contrary to Applicant's assertion, it is noted that the amended claims of the instant application 
reads on a method of preventing onset of Type I diabetes . The current title of the application 
reads on prevention of any type of diabetes . 



3. The rejection of (i) claims 2-5 and 7-9 under 35 U.S.C. 102(e) as being anticipated by US 
Patent 6,703,017 or by US Patent 5,425764 and(ii) claims 2-9 under 35 U.S.C. 103(a) as 
being unpatentable over US Patent 6,703,017 or by US Patent 5,425764 each and in view of 
US Patent 5,529,914 are hereby withdrawn in view of the amendment to claim 1. However, 
said rejections will be re-introduced when the new matter ( wherein said dose is at least one 
order of magnitude less that that necessary to achieve normoglycemia in a mammal of the same 
species with type I diabetes^ is deleted from claim 1. 

In view of the amendment, filed 05/02/05 the following rejections remain: 

4. The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of making and using it, in 
such foil, clear, concise, and exact terms as to enable any person skilled in the art to which it pertains, or with which it is most 
nearly connected, to make and use the same and shall set forth Ihe best mode contemplated by the inventor of carrying out his 

invention. 
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5. Claims 2-9 are rejected under 35 U.S.C. 1 12, first paragraph, because the specification, does 
not reasonably provide enablement for a method of preventing onset of Type I diabetes in a 
mammal , comprising implanting a dose of insulin-producing cells encapsulated in a 
biologically compatible membrane.wherein said dose is at least one order of magnitude less that 
that necessary to achieve normoglycemia in a mammal of the same species with type I diabetes , i = 
for the same reasons set forth in the previous Office Action, mailed on 12/16/05. 

Applicant's arguments, filed 05/02/05 have been fully considered, but have not been found 
convincing. 

Applicant asserts that: (i) US PTO has previously accepted the predictability of the results of 
prevention of diabetes in nod mice and allowed US Patent 6,841,152; (ii) Second Declaration by f - ; 
Dr. Scharp under 37 CFR 1.132 states that the NOD mouse is the only animal model for human ; J / 
autoimmune, type I diabetes because it is the only available model reasonable predictive of c : -Hi 
human disease; (iii) NOD mouse model is the standart animal model for conducting research on V 
type I diabetes and one skill in the art would accept the NOD model as reasonable correlating to 
the condition in human. 



Contrary to Applicant's assertion, it is noted the claims of the issue patent US 6,841,152 recites 
method of protecting against the development of autoimmune diabetes, not method of 
preventing. Moreover, it is well settled that whether similar claims have been allowed to others is 
immaterial. See In re Giolito. 530 F.2d 397, 1 88 USPQ 645 (CCPA 1 976) and Ex parte 
Balzarini 21 USPQ2d 1892, 1897 (BPAI 1991). Moreover, as stated In re Borkowstd 505 F2d 
713,718, 184 USPQ29,33 (CCPA 1974), "The Paten Office must have the flexibility to recpnside : 
and correct prior decisions that may find to have been in error". In a similar context, the court in v. 
Fessenden v.Coe T 38 USPQ 516,521 (CADC 1938) stated that ;[t]wo wrongs cannot make a 
right." 

. . ! • . ' ■' ' 

* • . - ■ * 

With regards to the second declaration of Dr. Scharp under 37 CFR 1. 132. The examiner 
disagree with the statement that NOD mice model is the only rodent model of type I diabetes. 
Atkinson et al.,( Nature, 1999, V.5, pages 601-604) teach the advantages of BioBreeding rat as 
a model of type I diabetes ( see entire document, page 603 in particular). Moreover, the data' 
presented in the second declaration of Dr. Scharp under 37 CFR 1. 132 clearly indicated that 
using NOD mice as a model, 40% of the treated animals develop diabetes^ In other words, 
even in NOD animal model in 40 % of the animals the onset of diabetes has not been prevented « 
using the claimed method. 
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■ » 

With regards to the issue that NOD model correlating with the condition in human. 

Atkinson et al. .,( Nature, 1999, V.5, pages 601-604) teach that in addition to certain NOD 
strain-specific characteristics that distinguish these mice from humans at risk for type I diabetes 
important genus-specific features distinguish the murine diabetes as well, such as resistance to 
ketoacidosis or the absence of the murine homolog of HLA-DR molecules on APC. 
Investigators have not always considered that. Unfortunately, in a genetically heterogeneous 
human population containing individuals at high risk of type I diabetes development, there is 
little evidence that many of them would have a comparable set of immune deficiencies that prove 
as malleable. In NOD mice, type 1 diabetes development is well-choreographed. In contrast, the 
natural history of type 1 diabetes in human is such that the age of disease onset is extremely 
broad; symptoms occur at any time from the first years of life to well beyond 50 years of age. It 

: is clear that the genus-unique and strain-specific aspects of diabetes in NOD mice must be folly 
understand and appreciated if we are to know which therapeutic protocols are reasonable to 
extrapolate to humans and which are not. Exploitation of the NOD genome for clinical research 
is yet to be done ( see pages 602, 603 and 604 in particular). Moreover, as has been stated in 
the previous Office Action, the specification only discloses the effects of the implanting of 
insulin-producing cells on the level of blood glucose using streptozotocin-induced diabeties in 
murine experimental model. ( See Examples 1-2 in particular). Examples 3-7 in the instant 
Specification are prophetic examples that indicate what the inventor thinks might happen in the 
experiments which have not actually been performed. The specification does not adequately 
teach how to effectively prevent onset of type I diabetes in mammal predisposed to type I 
diabetes , comprising implanting insulin-producing cells encapsulated in a biologically- 
compatible membrane. Knip M ( Acta Pediatr. Suppl., 1998, V.452, pages 54-62) teaches that 
currently the state of the art is that successful prevention of type I diabetes has at least two 
precondition. First, one must be able to identify individuals at increase risk for progression to 
type I diabetes and second, must have an intervention modality with less severe adverse effects 
than those associated with disease itself. Total eradication of clinical type I diabetes cannot be 
expected in the next century, as it is probable that a combination of different interventions will 
be needed to achieve an optimal effect ( see entire document, page 60 in particular). Mestas et 
al ( J. of Immunology, 2004, 172, pages 273 1-238) teach that there exist significant differences 
between mice and humans in immune system development, activating and response to challenge 
in both the innate and adaptive arms. As therapies for human diseases become ever more 

: sophisticated and specifically targeted it becomes increasing important to understand the 
potential limitations of extrapolating data from mice to humans . The literature is littered with the 

■ examples of therapies that work well in mice but fail to provide similar efficacy in humans, 
TeuvesonetaL, (Immun. Review 1993, Nl 36, pages 101-107) teach that one problem with 

i rodent models of transplantation is that rejection is easily overcome in said models in 

J comparison to the difficulty of overcoming allograft rejection in human ( see page 100 in 

: particular). Teuveson et al., further teach that " however today's small animal models seem to be 

! insufficient to produce data for clinical decision-making" and further raises doubt as to whether 

• large animal models can be applied to clinical situations, due to species-specific reactions to 

; treatment ( see page 101 in particular). Feldman et al (Transplant. Proc. 1998, 30, 4126-4127) 

' teach that "while it is not difficult to study the pathogenesis of animal models of disease, there 
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are multiple constraints on analyses of the pathogenesis of human disease, leading to interesting 
dilemmas such as how much can we rely on and extrapolate from animal models in disease". In 
addition, Cochlovius et al ( Modern Drug Discovery, 2003, pages 33-38) teach that in contrast 
to in vitro models, and partly animal-human xenograft systems, tissue cells in vivo seems to 
express molecules for defense against cellular immune systems as well as against complement. 
Although these defense mechanisms are still poorly understood, they provide some hints as to 
why many potential therapeutics perform marvelously in vitro but a fairly high portion of them 
still fail in vivo. 

Substantiating evidence may be in the form of animal tests, which constitute recognized 
screening procedures with clear relevance to efficacy in humans. See Ex parte Krepelka, 231 
USPQ 746 (Board of Patent Appeals and Interferences 1986) and cases cited therein. Ex parte 
Maas, 9 USPQ2d 1746. However, as has been discussed supra, the state of the art is that it is 
unpredictable form the in vivo murine data using NOD model disclosed in the specification as 
whether the instant invention can be used for the in vivo preventing onset of type I diabetes in 
mammals including human. Therefore, it is not clear that the skilled artisan could predict the 
efficacy of a method of preventing onset of type I diabetes in mammal predisposed to type I 
diabetes , comprising implanting insulin-producing cells encapsulated in a biologically- 
compatible membrane. Thus in the absence of working examples or detailed guidance in the 
specification, the intended uses of the claimed method of preventing onset of Type I diabetes in 
any mammal, including human are fraught with uncertainties. 

Thus, Applicant has not provided sufficient guidance to enable one skill in the art to use claimed 
method of preventing onset of type I diabetes in mammal predisposed to type I diabetes , 
comprising implanting insulin-producing cells encapsulated in a biologically-compatible 
membrane in manner reasonably correlated with the scope of the claims. The scope of the 
claims must bear a reasonable correlation with the scope of enablement. In re Fisher, 166 USPQ 
18(CCPA 1 970) indicates that the more unpredictable an area is, the more specific enablement 
is necessary in order to satisfy the statute. 



In view of the quantity of experimentation necessary, the unpredictability of the art, the lack of 
sufficient guidance in the specification, the limited working examples, and the limited amount of 
direction provided given the breadth of the claims, it would take undue trials and errors to 
practice the claimed invention. 



The following new ground of rejection is necessitated by the amendment filed 05/02/05 
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6. The following is a quotation of the first paragraph of 35 U.S.C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enabie any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shaU set forth the best mode 
contemplated by the inventor of carrying out his invention. 



7. Claims 2-9 are rejected under 35 U.S.C. 1 12, first paragraph, as containing subject matter 
which was not described in the specification in such a way as to reasonably convey to one skilled 
in the relevant art that the inventors), at the time the application was filed, had possession of the 
claimed invention. This is a New Matter rejection. 

" ... wherein said dose is at least one order of magnitude less that that necessary to achieve 
normoglvcemia in a mammal of the same species with typ e I diabetes" claimed in claim 1 
represent a departure from the specification. The passages pointed by the applicant do not 
provide a clear support for the " . . .wherein said dose is at least one order of magnitude less that 
that necessary to achieve normoglycemia in a mammal of the same species with type I diabetes. 
The specification and the claims as originally field only support administering a tolerizing dose 
of insulin-producing cells encapsulated in a biologically-compatible membrane. The passage 
pointed by Applicant only generally disclosed that curative dose is between one and two orders 
of magnitude greater than the tolerizing dose. 



7. No claim is allowed 



8. Applicant's amendment necessitated the new ground(s) of rejection presented in this Office 
action. Accordingly, THIS ACTION IS MADE FINAL. See MPEP § 706.07(a). Applicant is 
reminded of the extension of time policy as set forth in 37 CFR 1 . 1 36(a). 

■ 

A shortened statutory period for reply to this final action is set to expire THREE MONTHS from 
the mailing date of this action. In the event a first reply is filed within TWO MONTHS of the * 
mailing date of this final action and the advisory action is not mailed until after the end of the 
THREE-MONTH shortened statutory period, then the shortened statutory period will expire on 
the date the advisory action is mailed, and any extension fee pursuant to 37 CFR 1 . 1 36(a) will be 
calculated from the mailing date of the advisory action. In no event, however, will the statutory 
period for reply expire later than SIX MONTHS from the date of this final action. 
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9. Any inquiry concerning this communication or earlier communications from the examiner 
should be directed to Michail Belyavskyi whose telephone number is 571/ 272-0840 The 
examiner can normally be reached Monday through Friday from 9:00 AM to 5:30 PM. A 
message may be left on the examiner's voice mail service. If attempts to reach the examiner by 
telephone are unsuccessful, the examiner's supervisor, Christina Chan can be reached on 571/ 
272-0841 . 

The fax number for the organization where this application or proceeding is assigned is 703-872- 
9306. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-directuspto.gov. Should you have questions on access to the Private 
PAIR system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). 



Michail Belyavskyi, Ph.D. 
Patent Examiner 
Technology Center 1600 
May 13, 2005 
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The NOD mouse model of type 1 diabetes: 

As good as it gets? 



Diabetes meUitus in humans is a geneti- 
cally and clinically heterogeneous group 
of glucose intolerance syndromes. Type 2 
diabetes (also called non-insulin-depen- 
dent diabetes mellitus) is the more prevalent clinical form. In 
which obesity associated with progressively more severe in- 
sulin resistance are common predictors of the prediabetic state. 
Type 1 diabetes (also called insulin-dependent diabetes melli- 
tus. or juvenile diabetes), in contrast, usually has an autoim- 
mune T cell-mediated etiology in which the prediabetic state is 
characterized by development of autoantibodies against certain 
proteins expressed by 0 cells, Including insulin. Two rodent 
models that spontaneously develop type 1 diabetes, the NOD 
(non-obese diabetic) mouse and the BB (BioBreedlng) rat. have 
allowed detailed exploration of the dysregulated communica- 
tion between cells of the innate and acquired immune system 
that underlie the generation and release of pancreatic 0 cell-re- 
active T cells. 

In the 1 9 years since the first report of the NOD mouse, this 
small rodent has eclipsed 
its 'bigger brother', the BB 
rat. as the favored model 
for investigations Into the 
edopathogenesis of au- 
toimmune, T cell -mediated 
type 1 diabetes in humans. 
The reasons for the pre- 
ferred popularity of the 
mouse mode] include a 
better-defined genome, 
more monoclonal reagents 
for the analysis of immune 
system components and 
considerably lower mainte- 
nance costs. Today, when a 
candidate auto antigen un- 
dergoes evaluation, the ef- 
fect of a cytokine is tested 
or a preventative Interven- 
tion is assessed, NOD mice 
are often considered *as 
good as it gets', short of a 
study In humans — so 
much so that other animal 
models are not always 
tested nor are important 
distinctions with the NOD 
model considered before 
extrapolations co humans 
are made. 

Indeed, the Introduction 
of NOD mice to diabetes 
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research infused a targe sense of opti- 
mism, with Immunologists Initially as- 
suming that the NOD mouse would be a 
murine 'Rosetta stone' for quickly un- 
raveling the secrets of the etiopathogenesis of type 1 diabetes 
in humans. This belief found early support through the obser- 
vation that, as in humans, the major histocompatibility com- 
plex (MHQ of the NOD mouse (designated H2") contributed 
the main component of susceptibility, and that the MHC class 
II I-Ap chain showed the same 'diabetogenic* amlno-add sub- 
stitution found in the human DQ*0302 allele associated with 
high risk for development of type 1 diabetes (a non-aspartlc- 
add substitution at residue 57 in the p-chaln) Rapid cloning 
of the effector T cell, sequencing of its T-ceB receptor (TCR) 
genes and Identification of cognate peptide (s) were predicted 
to follow. From there, identification of the target p-cell au- 
toantlgen and development of blocking peptides or tolero- 
genic regimens were to be relatively simple matters. 
Furthermore, it was assumed that Identification of non-MHC 

diabetogenic led in the 
NOD mouse would allow 
for rapid identification of 
human homologs, thereby 
allowing accurate predic- 
tion of children at high ge- 
netic risk for developing 
type 1 diabetes. Finally, if 
the target autoantlgen in 
mouse and human p cells 
were the same, the preven- 
tion of type 1 diabetes in 
the NOD mouse would 
rapidly be followed by 
comparable immunologic 
prediction and, hopefully, 
the eradication of this dis- 
ease In humans. 

Our understanding of 
the pathogenic mecha- 
nisms underlying type 1 
diabetes development in 
NOD mice is now quite ad- 
vanced 1 . However, this un- 
derstanding has been 
accompanied by the real- 
ization that when this 
mouse Is used as a surro- 
gate for humans, genus- 
specific differences that 
restrict their Interpretation 
are unavoidable. In addi- 
tion to certain NOD strain- 
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Table The 'A-to-*' of diabetes prevention In the NOD mouse. Therapies Include those that either suppress T-cell functions or stimulate 
the Immune system to achieve a more normal hnmunoregulatofy communteatton between anUgervpresenting cells and T cells. 



Androgen 
Anesthesia 
Aiathioprine 
Ar*j.B7-1 

Bacille Catmette Guc'rin (BCG) 
Bacutofm 

fM.6;1.3-D-glucan 

Anti-6 7 (ntegrin 

Blocking peptide of MHC class II 

Bone marrow transplantation 

Castration 

Anti-CD3 

Ar*j-C04 

AnU-CD8 

And-C026 

Cholera toxin-8 subunft 
Cold exposure 
ArttJ<ornpternerrt receptor 
Complete Freund's adjuvant 
AnU-ClLA«4 
Cyclosporin 
Cyclosporin A 

Dapsome (M'-cfeirirtodiphenyt 

sufone) 
Oeftazacort 

DendrWc cells from pancreatic 

lymph node 
Oeoxysperoguafin 
Oiazoxide 

1.25 dihydroxyl Vitamin D3 
Elevated temperature 
Cricepttttomyocarditis virus (ECMV) 
Escherichia coH extract 



Essential fatty add-defldent diets 
FK506 

Galium nitrate 
Glucose (neonatal) 
Glutamic add decarboxylase 
-intraperitoneal. Intrathymic. intra- 
venous, oral 

Glutamic add decarboxylase 
peptides 

♦Intraperitoneal intrathymic. intra- 
venous, oral 
Gonad caomy 
Heat shock protein 65 
Heat shock protein peptide (p277) 
Ami-lCAM-1 
ImmoWKzation 
Imrmjnogtobufin qgG2a) 
Anri-integrin alpha 4 
Inomkte 
Insufin 

-intraperitoneal oral 

subcutaneous, nasal 

Insulin BchaWB chain amino acids 

9-23 

-intraperitoneal orat 
subcutaneous, nasal 
IrisiifirwnetaooBcaliy inactive 
InsuDn-fte growth factor I 
tnterferon-ct 
Anti-interferon-y 
Interferorvy receptor 
Interteukfavl 
lnterieukin-1 receptor 



lilt Aft Am kin. 9 


Overcrowding 


lrxterleukin-2 recttrttnt lixlrv-t invin 


i^ncnjaiBwoniy 


(DAB480-IL-2) 


rwiiuji i ry um b 


interleukin.3 


fia«ei «rv(nnM 

reruA5Kjen 


lnterleukln-4 


rlMy I ■ -It] 


intgrteufcirt-10 


Drou*uxt tmif Hist 

rieyesuiTill (J lei 


fnterleukin-12 amaaonst 


riOUUCOl 


Islet celb-lntrathvmic 


rTOWXrUTI 


Lactate dehudorumncA win m n ru-i\ 

fcOWBW U« IJfWUl|SI IfljV THUS \LUrl) 


Kampamycin 


1 actobada k easel 


Key prOufHi 


Lazarofd 


fiofinram 

Tnn fill n Ol ■ | 


Unomkie 




lithium chloride 


SfemJ-nurifiprf rife! fAIM.7A. 


AntI-LFA-1 


•Muca 


Aml-L -select ki 


oootum lusKiaie 


§.j«m|m hm*tib u Kjnoma MngnLB virus 


Sc^ri atc^statirt 


fLCMV) 


won-spewnc painocjen tree 


nnu-njmpiKicyie 


conditions 


senjmyiymphotoxin 


Streptococcal enterotnxins (SEA) 


Lymphocyte vaccination 


Suoerantigens 


LZB 


Superoxide disrnutase- 


MOL 29311 


desferrtoxamine 


Metatorw) 


TGF-B 


AmHWCdasst 


Antf-T-ceB receptor 


AntWuWCdassd 


AntMhy-1 


Mixed allogeneic chJmerism 


Thymectomy (neonatal) 


MonosodJum gtutamata 


T-iyirtphocyte clones 


Murine hepatitis virus (MHV) 


Tolbutamide 


Mycobacterium 


TrogBtazone 


Natural antibodies 


Tumor necrosis factor-ci 


lift.- i tmm tm M.*f il . 

jvicoxinamtae 


Tumor necrosis factor-B 


Nutramlgen 


Vitamin E 


OK432 


Ami-VLA-4 



specific characteristics that distinguish these mice from hu- 
mans at risk for type I diabetes (such as deafness or the absence 
of C5 cctrtplement), Iniportant genus-spectflc features distin- 
guish the murine diabetes as weB feuch as resistance to ketoad- 
<losis or the absence of the murine homolog of HLA-DR 
molecules on artdgen-presenting cells). Investigators have not 
always considered that because these mice are so highly inbred, 
they must be viewed as a single 'case study' In humans, Indeed, 
the combination of NOD strain-specific features as well as In- 
herent duTerences between genera may explain why identifica- 
tion of non-MHC diabetogenic tod in mice have not generally 
been direct guide posts for the identification of homologous 
tod In outbred humans at risk for type 1 diabetes. As an exanv 
ple, the non-MHC locus (JDDM2. chrornosome 11) that con- 
tributes to increased sibling risk in human studies Is associated 
with a variable-number tandem repeat controlling expression 
of the dosery-llnked insulin gene. A suscepUbility<onferrtng 
homolog has not yet been Identified in the NOD mouse, most 
likely because the mouse genome, unlike the human genome, 
contains two unlinked insulin genes, both of which are ex- 
pressed. Nevertheless, certain irnrnu oogenetic and im- 
munopathogenlc aspects of type 1 diabetes In this mouse case 
study*, particularly the main pathogenic contributions made 
by MHC genes (Iddl In NOD mice and TDDMl In humans), 
dearly Justify thorough Investigation Into why MHC-assod- 
ated deficiencies In Immune function allow development of an 
autoreactive T-cell repertoire. 
The etiology of type I diabetes in this model Is both complex 



and multifactorial 1 ^. Both CD4* and CDS* T cells constitute the 
effector arm, with underlying functional defects In bone mar- 
row-derived antigen-presenting cells (APCs) . including 
macrophages, dendritic cells and B lymphocytes, shown to be 
essential components in selection/activation of the autoim- 
mune repertoire. Many CD4* and CD8* T-cell lines and clones 
with diabetogenic potencies against a variety of Identified and 
unidentified antigens have been established from both Islets 
and spleen*. If there Is a single ICR clonotype distinguishing 
the 'primordial' diabetogenic T cell. Its primacy has not yet 
been demonstrated. Destruction of p cells apparently entails 
both necrotic and anoptotic events in response to invasion of 
the islets by leukocytes (Insulltis)'. There are large numbers of 
leukocytes in the Lnsuli tic infiltrates of NOD mice, almost sug- 
gesting lymph node formation around islets. Insulltis In a 
human acute-onset diabetic Is very different from that In NOD 
Islets (Fig.). One of the strain-sped flc peculiarities of NOD mice 
Is the accumulation of many T cells in peripheral lymphoid or- 
gans, pancreas and submandibular salivary glands. This T-lym- 
phocyte accumulation possibly reflects low IL-2 levels and the 
resistance of thymocytes and peripheral T cells to the Induc- 
tion of apoptosis. 

Although they are important in improving our understand- 
ing of the cause(s) and pathogenesis of this disease, these Im- 
munologic features are also vital for this model to serve as a 
tool in Identifying potential therapeutic modalities for the pre- 
vention of human type I diabetes. As of early 1999, more than 
125 individual methods reporting the prevention or delay of 
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fig. 1 InsuNtfc In humans and NOD mouse 
pancreas. «, Pancreas section with heavy leukocyte 
mRKrsaon Onsufth) m a human Wet The donor died 
a tew days after acute onset of type 1 diabetes, (photo 
courtesy of Massimo and Tnxco. Department of 
Pediatrics. University of Pittsburgh). Hematoxylin and 
eosni stain, b. Pancreas of 9 prediabeuc 1 2 -week-old 
NOD/U mouse, showing the unusually heavy 
accumulation of leukocytes adjacent to and 
Infiltrating the islets. The pancreatic 0 cells with in the 
islet have been stained purple with aldehyde fuchsai. 



type 1 diabetes in NOD mice have been identified (Table). 
These interventions can be grouped into two general cate- 
gories: treatments that actually suppress T-cell function and 
treatments that modulate Immune communication, often by 
actually stimulating certain Immune functions. Although this 




list is long, we limited reference to studies monitoring sponta 
neous type I diabetes and excluded reports whose practical rel- 
evance to human disease Is unclear. (For example, introduction 
of genetically -disrupted genes whose normal counterparts are 
required for (auto) antigen presentation, for T-cell effector func- 
tions, or for rearrangement of functional T-cell receptors.) The 
case by which immunomodxilafJon diverts the immune system 
In these mice is best understood by considering the effect of 
their exposure to extrinsic microbial pathogens. The Inbreed- 
ing of NOD mice has genetically fixed a number of immunode- 
ficiencies that, in aggregate, are reflected by impaired 
communication between APC and T cells. NOD macrophages 
have an Impaired ability to activate regulatory T cells in an au- 
tologous mixed lymphocyte reaction. Comparable impairment 
in dendritic cell function has been seen In patients with recent- 
onset type 1 diabetes 4 . The NOD ininutnodeficlences are par- 
tially correctable in a natural environment, in which a full 
range of microbial and viral antigens would be encountered. It 
is only when NOD mice are maintained in stringent specific 
pathogen-free conditions that full disease penetrance of the 
underiyf ng genetic type 1 diabetes susceptibility will be seen In 
both sexes. Thus, the NOD model Is one in which paradoxical 
Inimunostlmulation effected by a variety of treatments amelio- 
rates the weak communication between the innate and adap- 
tive Immune system components and thereby restores more 
normal control over autoreactive T cells. Unfortunatery, in a 
genetically heterogeneous human population containing indi- 
viduals at high risk for type 1 diabetes development, there is lit- 
tle evidence that many of them would have a comparable set of 
Immune deficiencies that prove as malleable. At the same time, 
the observation that 'cleaning up' the extrinsic environment of 
the NOD mouse sets the stage for activation of autoimmune T 
cells raises the question of whether a hype rsanitl zed rearing en- 
vironment for human infants might predispose children with 
autoimmune -permissive HLA haplo types to higher risk for 
eventual penetrance of autoimmune diseases. 

In NOD mice, type 1 diabetes development is well-choreo- 
graphed when all the relevant environmental factors 
(pathogen status, diet and so on) are held constant. Specific 
'time windows' can be denned in which an immunomodulator 
can be either protective or destructive. In contrast, the natural 
history of type 1 diabetes in humans is such that the age of dis- 
ease onset is extremely broad: symptoms occur at any time 
from the first years of life to well beyond 50 years of age. 
Although It is a potential limitation in comparing the natural 



history of type 1 diabetes In NOD mice with humans, this fac- 
tor can be turned into a strength through proper matching of 
therapeutic agents to the appropriate time for human interven- 
tion. Intervention studies in NOD mice can be designed in 
which therapeutic regimens are initiated at birth, at a presymp- 
tomatic stage before the occurrence of insulitis (that Is, less 
than three weeks postpartum); before the onset of symptomatic 
disease (that Is. four to eight weeks postpartum) at a time when 
considerable numbers of p cells are still Intact; or at the diagno- 
sis of type 1 diabetes, when P-cell damage has accumulated to 
the extent of overt hyperglycemia. However, studies analyzing 
therapeutic agents aimed at preventing type 1 diabetes in NOD 
mice must be carefully assessed for their functional as well as 
their practical applicability to therapeutic Intervention in 
human disease. This has not always been considered. For exam- 
ple, agents used in NOD mice from birth (a time without P-cell 
destruction) may not be applicable to treatment of humans 
Identified immediately before the onset of type 1 diabetes 
(when substantial p-ceH destruction has occurred). 

It is dear that the genus-unique and strain-specific aspects of 
diabetogenesis in NOD mice must be fully understood and ap- 
preciated If we are to know which therapeutic protocols are rea- 
sonable to extrapolate to humans and which are not In 
addition. Intervention protocols effective in preventing type 1 
diabetes in NOD mice should be studied In as many animal 
models as are available. The rationale for implementing insulin 
prophylaxis therapy to prevent type I diabetes In humans was 
based on the observation that insulin treatment of both predia- 
betic NOD mice and BB rats retarded onset and reduced disease 
frequency. However, one may question whether another candi- 
date P-cell autoantigen, glutamic add decarboxylase (GAD), 
will provide similarly promising results. Isoforms of this en- 
zyme are relatively easy to detect In human and rat 0 cells. In 
contrast, CAD protein is present at considerably lower concen- 
trations in NOD Islets and what little GAD67 isoform can be de- 
tected may not all derive from § cells. Nevertheless. NOD mice 
can be deviated from diabetes by early treatment with recombi- 
nant GAD protein or peptides. In contrast, GAD autoimmunity 
does not seem to be a factor In BB rats, emphasizing the point 
that many models should be evaluated before extrapolations to 
humans are attempted. With such an appreciation comes the 
realization that it Is also essential to extend mechanistic studies 
In the NOD mouse to the rat models of spontaneous and in- 
duced type 1 diabetes. In addition to the lymphopenic BB/Wor 
diabetes-prone rat that develops type 1 diabetes spontaneously, 
type I diabetes can be induced in the non-lymphopenlc 
BB/WOR diabetes-resistant substrain and in other strains by 
immunomodulation coupled with exposure to a parvovirus. 
Kiiham rat virus 5 . Thus, it is the rat and not the mouse model 
that the investigator should first consider If the object is to an- 
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alyze the potential of environmental viral pathogens to serve as 
diabetogenic triggers. New rat models spontaneously develop- 
ing type t diabetes, such as the non-lymphopenlc Komeda dia- 
betes -prone (KDP) rat 4 , should provide additional pathogenic 
Insights as they become aval labia 

At a minimum, investigations of NOD mice have enhanced 
our appreciation of the etiologlc complexity of type 1 diabetes 
in humans and provided an example of how promising results 
obtained In an animal model can be translated into human clin- 
ical trials. However, exploitation of the peculiarities of the NOD 
genome for clinical research Is yet to be fully realized. 
Specifically, further Investigation of NOD mice should advance 
our understanding of the genetic and pathophysiologic basis for 
other complex pathologies (such as thyroiditis, lupus, sialad- 
enitis, deafness and inflammatory bowel disease). The strain's 
robust breeding performance, its extensively characterized 
genome and the availability of type 1 diabetes- resistant MHC- 
congenic stocks render NOD mice ideal for outcross with other 
inbred strains carrying gene mutations for physical 
mapping/positional cloning analyses. Deficiencies in im- 
nurnoregulation (such as dysfunctional NK cells or the absence 
of hemolytic complement) make NOD mice congerdc for addi- 
tional Immunodeficiency genes (sritf and ra$ Ideal hosts for car- 
rying huinanceih, especially wlienth^areiurtJiernKKiinedby 
the transgenic Insertion of human genes and/or simultaneous 
elimination of select murine genes. This technology b provid- 
ing stocks suitable for analysis of the growth, development and 
survival of human hematopoietic cells. The immurummpro- 
mised NOD mice should also prove useful for the study of 
human infectious diseases, including AIDS, fillarlasis and 
malaria. Gene targeting technology and the ability to produce 
tissue-specific knockouts of genes are allowing dissection of 
pathogenic pathways not easily amenable to study in humans. 



In sum, criticisms of the inbred nature and controlled hous- 
ing environment, the ability to change natural physiology 
through genetic manipulation and the relative ease for disease 
prevention have caused some to question whether the model is 
as good as it gets*. It is dear that the course of type 1 diabetes 
development in randomly breeding humans will not be as eas- 
ily deviated as it b in highly inbred rodent models In which ge- 
netic risk Is a constant such that interventions can be initiated 
at very early stages of pathogenesis. Thus, no Investigator 
should assume that the available mouse and rat models sponta- 
neously developing type 1 diabetes represent complete surro- 
gates for humans. However, the fact that diabetes in these 
rodents develops spontaneously rather than in response to In- 
vestigator-induced gene targe tings allows acquisition of essen- 
tial insights into the Interactions between genes and 
environment that together trigger a complex disease. 
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